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Background of the Invention 

This invention generally pertains to heterocyclic carbon compounds having drug and bio-affecting prop- 
erties and to their preparation and use. In particular the invention is concerned with 1,4~d (substituted pipera- 
10 zine derivatives wherein one substituent moiety is a cyclobutenedione-substituted indol-3-yi-alkyl group and 
the other moiety is a pyridinyl or pyrimtdinyl ring. These compounds possess a unique serotonergic profile that 
renders them useful in treatment of vascular headaches such as migraine or cluster type. 

Archer disclosed a large series of CNS-depressant indolylalkylpiperazines in U.S. 3,188,313. Among a 
large number of possible substituents on the 4- nitrogen atom of the piperazine ring was pyrimidine. In U.S. 
15 3,562,278, Archer disclosed and claimed a series of 1 -lndolylethyl-4-substltuted-plperazlnes. Among the pos- 
sible 4-substituents listed is 2-pyrimidinyl. The pharmacologic action disclosed for these art compounds is gen- 
eral CNS and psychomotor depression which bear no relationship to an antimigraine therapeutic agent. 

Dowie, et al. disclosed a series of 3-alkylamino-indole derivatives as being potentially useful for the treat- 
ment of migraine in a published patent application, GB 2,124,210. One member of this series of compounds 
20 was specifically claimed in a later patent application of Oxford, GB 2,162,522, published February 5, 1986. 
This particular compound is known in the literature as sumatriptan(i). 



MeNHC^S 




H 
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(i) Sumatriptan 

36 A series of novel indoline derivatives were disclosed February 7, 1990 by Manoury, et al., in European 

patent application EPA 354,094. These compounds are described as being useful for treatment of various CNS 
disorders Including depression, anxiety and migraine. Included among these art compounds are those of for- 
mula (ii) 

40 

N— R 4 



so (ii) 

wherein R 4 is aryl, pyridine or quinoline moieties. 

Smith, etal . in U.S. 4,954,502 have disclosed a series of 1,4-disubstituted piperazine derivatives of formula 
(iii) which are useful as antidepressant agents. 
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The indolyl substituents R 3 and R 4 were hydrogen, alkyl, alkoxy, alkytthio, halogen, carfooxamide, and trif luor- 
omethyl. 

15 Another series of antidepressant 1 , 4-disubstituted piperazines where pyrimidine moieties were used in- 

stead of pyridine was set forth by Smith, et al. in U.S. 5,077,293. 

The most relevant background is believed to be our earlier work which disclosed antimigraine atkoxypyr- 
imldine derivatives of formula (Iv) 



25 




(iv) 

35 wherein the indole substituents (R 1 and R 8 ) were halogen, hydroxy, alkoxy and sulfonamide 

None of these art compounds suggest the instant novel 5-cydobutenedione-substitutecVindol-3-ylalkyl 
derivatives of pyridlnyl or pyrim id I nyl piperazines for the treatment of migraine and duster-type headaches. 

Migraine is a member of a broader class of headache that also comprises cluster headaches and other 
headaches believed to have a vascular implication in their etiology. These headaches are often classified as 
40 vascular headaches. For a current summary of headache and its treatment see: Chapter 13: "Drugs Used to 
Treat Migraine and Other Headaches" in Drug Evaluations, 6th Edn.. 1986, pages 239-253 American Medical 
Association, W.B. Saunders Co., Philadelphia, PA 

Frequent irregularly-occurring episodes of headache afflict a large number of people but are usually acute 
in nature and of short duration. Relief of this type of headache is typically provided by mild analgesics such 
45 as aspirin or acetaminophen. Such headaches are quite common and, while painful and perhaps annoying, 
are seldom incapacitating and debilitating. Chronic recurrent headaches of the vascular category, however, 
usually lead to patient consultation with a physician due to pain severity which is often incapacitating. 

Although there is no universally accepted classification system for headache, vascular headache, for the 
purposes of the present invention, refers mainly to migraine and cluster headaches. Migraine includes the com- 
50 mon or classical type as well as migraine variants which would be familiar to one skilled in the art. Other sub- 
types such as toxic vascular and hypertensive headaches, chronic paroxysmal hemicrania, as well as some 
muscle-contraction and combined or mixed vascular-muscle headaches may also fall into a vascular-related 
headache category and be treatable by the present invention. It is appreciated by one skilled in the art that 
no single therapy is effective in all patients diagnosed with the same subtype of headache, thereby raising 
55 further uncertainties about headache classification. 

Drugs most commonly used in treatment of headache fall into the following groups: 
Ergot Alkaloids, 
Beta-blocking Agents, 
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Calcium Channel Blocking Agents, 
Antidepressants, and 
Mixtures of these. 

Management of recurring vascular headache is complicated by the lack of a single therapy which is effec- 
tive in all patients with the same headache type and by the need to select either an abortive or prophylactic 
method of treatment for these headaches. Further complication involves the current use of drugs that cause 
dependence with extended use, such as ergotamine. Another important consideration for the present invention 
is that the more effective antimigraine agents in current use, e.g. the ergots, and methysergide, produce severe 
use-limiting side-effects with long term usage. 

Thus there is a need for a safe and effective drug for the treatment of migraine and related disorders which 
can be used either prophylactically or to alleviate an established headache. 

The objectives of the present invention relate to the use of novel cydobutenedione-substituted-indd-3- 
ylalkyi derivatives of pyridinyl- and pyrimidinylpiperazines to provide treatment of vascular headaches, partic- 
ularly migraine and cluster-types; to processes for their preparation; and to their pharmaceutical compositions 
and medical usage. 

Summary and Detailed Description of the Invention ^ 

The method of the present invention is intended for the alleviation of vascular or vascular-related headache 
of which migraine and cluster are the best known specific examples. The method essentially involves admin- . 
istration of a cycfobutenedione-substituted indol-3-ylalkyl derivative of a pyridinyl or pyrimidinylpiperazine, or 
a pharmaceutical^ acceptable salt and/or solvate thereof, to a human in need of such treatment. For use in 
the instant method, oral and transnasal administration of pharmaceutical compositions containing the subject 
antimigraine agents are preferred. 

In a broad aspect, the present invention is concerned with indol-3-ylalkyl derivatives of pyridinyl or pyri- 
midinylpiperazines having useful antimigraine serotonergic properties and characterized by Formula I. 



In Formula I, R 1 is a substituent selected from hydrogen, halogen, lower alkyl, lower alkoxy, and lower al- 
kyithio. 

R 2 and R 3 are independently selected from hydrogen and lower alkyl. In preferred compounds R 2 and R 3 
are usually not lower alkyl at the same time. 
R 4 can be hydrogen or lower alkoxy. 

The integers 1 to 3 or zero can be selected form while n can be the integers 1 to 5. In preferred compounds, 
m is zero and n is 3. 

W can be either a single covalent carbon-carbon bond or -NR 5 -, where R 6 is selected from hydrogen, lower 
alkyl, lower acyl, and lower alkylsulfonyl. 

X is selected from -NR 2 R 3 ; -OR 2 ; and R 6 , with R 6 being hydrogen, lower alkyl, cycloalkyl, aryl e.g. phenyl, 
or aryUower alkyl. 

Y and Z are independently selected from N and CH with the proviso that both Y and Z cannot be CH si- 
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multaneously. 

Additionally, compounds of Formula I also encompass all pharmaceutically acceptable acid addition salts 
and/or solvates thereof. The present invention is also considered to include stereoisomers as well as optical 
isomers e.g. mixtures of enantiomers as well as individual enantbmers and diasteromers, which arise as a 

5 consequence of structural asymmetry in certain compounds of the instant series. Separation of the individual 
isomers is accomplished by application of various methods which are well known to practitioners in the art. 

The term lower alkyT refers to both straight and branched chain carbon radicals of from 1 to 4 carbon 
atoms inclusive. Illustrative of these radicals are carbon chains which can be methyl, ethyl, propyl, iso propyl, 
1 -butyl, 1-rnethyt propyl, 2 methylpropyl. The term "tower acyr denotes an acyi group containing from 1 to 4 

10 carbons, e.g. a formyi group, a butyryl group, etc. 

Lower alkoxy and lower alkylthio refer to alkyl groups connected to an oxygen or sulfur atom, respec- 
tively. Lower alkylsuffonyt refers to a C 1m4 alkyt group conected to a "-SCV" moiety. 

"Cydoalkyl" refers in this instance to C^carbocyclic rings such as cyclopentyl, cyclohexyl or cydoheptyl 
groups. The term "aryl-lower alkyl" refers to phenalkyl groups having alkyl links of from 1 to 4 carbons. By ap- 

15 propria te selection of Y and Z either a pyridine or a pyrimidine ring is designated. 

The pharmaceutically acceptable acid addition salts of the invention are those in which the counter-ion 
does not contribute significantly to the toxicity or pharmacological activity of the salt and, as such, they are 
the pharmacological equivalents of the bases of Formula I. They are generally preferred for medical usage. In 
some instances, they have physical properties which makes them more desirable for pharmaceutical formu- 

20 latton such as solubility, lack of hygroscopicity, compressibility with respect to tablet formation and compati- 
bility with other ingredients with which the substance may be used for pharmaceutical purposes. The salts are 
routinely made by admixture of a Formula I base with the selected acid preferably by contact in solution em- 
ploying an excess of commonly used inert solvents such as water, ether, benzene, methanol, ethanol, ethyl 
acetate and acetonitrile. They may also be made by metathesis or treatment with an ion exchange resin under 

25 conditions in which the anion of one salt of the substance of the Formula I is replaced by another anion under 
conditions which allow for separation of the desired species such as by precipitation from solution or extraction 
into a solvent, or elution from or retention on an ion exchange resin. Pharmaceutically acceptable acids for 
the purposes of salt formation of the substances of Formula I include sulfuric, phosphoric, hydrochloric, hy- 
drobromfc, hydroiodic, citric, acetic, benzoic, cinnamlc, f umaric, mandelic, phosphoric, nitric, mucic, isethlonlc, 

30 palmitic, heptanoic, and others. 

The compounds of Formula I can be prepared by adaptation of the synthetic processes shown in Schemes 
A and B. Processes for syntheses of some intermediate compounds are outlined in Scheme C. In addition, 
certain compounds and their syntheses will be set forth in more detail in the Specific Embodiments section, 
infra . 

35 In the synthetic schemes, R 1 through R 6 , W, X, Y, Z t m and n are as defined supra . The symbol Q represents 

a synthetic organic leaving group moiety such as tosyl, mesyi, haJide, sulfate, phosphate, and so forth. Tosylate 
is also denoted Ts when it is the specified moiety. The symbol i-Pr denotes isopropyl and TIPS refers to the 
tri-isopropytsilyl group (-SKi-Prfe). 

Scheme A sets out the processes for synthesizing compounds of Formula I wherein W is -NR 6 . The proc- 
40 esses proceed either via the 5-amino-substituted intermediate of formula (6) wherein the heterocyclic-substi- 
tuted-piperazine moiety is already incorporated into the molecular structure or via intermediate (20) wherein 
the inddyl-amino-squarate moiety is elaborated initially. Selection of synthetic paths depends on the nature 
of the desired X-substituent on the squarate moiety as well as the desired identity of the R 5 substituent 

Scheme B deals with synthetic pathways for compounds of Formula I wherein W is a covalent chemical 
bond. The choice of synthetic pathways proceeding from intermediate (11) depends on selection of substituent 
X that is desired. The Scheme B processes elaborate the squarate sub-structure prior to coupling the indoly- 
I alkyl moiety with the heterocyclic-substituted-piperazine. 

Scheme C sets forth, by way of example, two typical syntheses which provide several starting intermedi- 
ates for Schemes A and B. 

The reactions employed in Schemes A-C and their application are familiar to the practitioner skilled in or- 
ganic synthesis and modifications of conditions and reagents would be readily understood. The skilled syn- 
thetic chemist would know how to adapt these processes for preparation of specific Formula I compounds in- 
cluding other compounds embraced by this invention but not specifically disclosed. Variations of the methods 
to produce the same compounds in somewhat different fashion will also be evident to one skilled in the art. 
To provide greater detail in description, representative synthetic examples are provided infra in the "Specific 
Embodiments" section. 

Serotonin has been linked to the pathophysiology of migraine by accumulating evidence including in- 
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creased excretion of serotonin metabolites following a migraine attack and a reduction in the serotonin content 
of blood platelets during the migraine headache. This latter effect appears to be specific for migraine and not 
a result of pain or stress. (Anthony, et aL, "Plasma serotonin in migraine and stress", Arch. Neurol. 1967, 16: 
544-552). More importantly, intramuscular injection of reserpine lowers plasma serotonin and induces a typical 
5 migraine-type headache in migraine sufferers. This induced headache can be alleviated by slow I.V. injection 
of serotonin creatinine sulfate. (Kimball, et ah, "Effect of serotonin in migraine patients", Neurology N.Y. , 1960, 
10: 107-111). 

Although serotonin has been shown to be effective in treating migraine attacks, its use in migraine is pre- 
cluded by its side-effects such as restlessness, nausea, faintness, hyperpnea, facial flushing and parasthe- 

10 sias. (Lance, et at., The control of cranial arteries by humoral mechanisms and its relation to the migraine 
syndrome'', Headache. 1967, 7: 93-102). For this reason more specific serotonin agents, which would treat 
the migraine without all of the other actions, are potentially useful antimigraine medicaments. Accumulating 
findings have led to the perception that compounds with selectivity for the 5-HT 1D sub-type of serotonin re- 
ceptors would be clinically efficacious in the treatment of migraine. In this regard the compounds of the instant 

15 invention demonstrate potent affinity and agonist activity at the 5-HT 1D site. Formula I compounds of interest 
have potencies wherein ICeo values of these compounds are less than 1 00 nmolar. Preferred compounds have 
IC50 values below 10 nmolar. 

Determination of 5-HT 1D binding properties was accomplished employing methodology such as that de- 
scribed by Heuring and Peroutka, J. Neurosci. , 7(3), 1987, 894-903; with only minor modifications. In vitro IC50 

20 (nM) test values were determined for the compounds of this invention employing tritiated serotonin. 

In addition to the 5-HT 1D binding test data, ability of the compounds of this invention to elicit contraction 
in a canine saphenous vein model further indicates usefulness in treating vascular headaches. Preferred com- 
pounds demonstrate potency equal to or in excess of serotonin itself. Selected compounds of the instant series 
were tested in an in vivo model where they demonstrated effective reduction of carotid blood flow in anesthe- 

25 ttzed dogs. All these foregoing pharmacologic tests indicate useful antimigraine action for the compounds of 
this invention. 

Another aspect then of the instant invention provides a method for treating a migraine sufferer which com- 
prises systemic administration to the sufferer of a therapeutically effective amount of a compound of Formula 
I or a pharmaceutically acceptable salt thereof. 

30 The administration and dosage regimen of compounds of Formula I is considered to be done in the same 

manner as for the reference compound sumatriptan, ct Oxford, GB 2, 1 62,522A. Althoug h the dosage and dos- 
age regimen must in each case be carefully adjusted, utilizing sound professional judgment and considering 
the age, weight and condition of the recipient, the route of administration and the nature and gravity of the 
illness, generally the daily dose will be from about 0.05 to about 10 mg/kg, preferably 0.1 to 2 mg/kg, when 

35 administered parents rally and from about 1 to about 50 mg/kg, preferably about 5 to 20 mg/kg, when admin- 
istered orally. In some instances, a sufficient therapeutic effect can be obtained at lower doses white in others, 
larger doses will be required. Systemic administration refers to oral, intra- nasal, rectal and parenteral (I.e. In- 
tramuscular, intravenous and subcutaneous). Generally, it will be found that when a compound of the present 
invention is administered orally, a larger quantity of the active agent is required to produce the same effect as 

40 a smaller quantity given intra-nasally or parenterally. In accordance with good clinical practice, it is preferred 
to administer the instant compounds at a concentration level that will produce effective antimigraine effects 
without causing any harmful or untoward side effects. 

The compounds of the present invention may be administered for antimigraine purposes either as individ- 
ual therapeutic agents or as mixtures with other therapeutic agents. Therapeutically, they are generally given 

45 as pharmaceutical compositions comprised of an antimigraine amount of a compound of Formula I or a phar- 
maceutically acceptable salt thereof and a pharmaceutically acceptable carrier. Pharmaceutical compositions 
which provide from about 1 to 500 mg of the active ingredient per unit dose are preferred and are conventionally 
prepared as tablets, lozenges, capsules, powders, aqueous or oily suspensions, syrups, elixirs, and aqueous 
solutions. 

so The nature of the pharmaceutical composition employed will, of course, depend on the desired route of 

administration. For example, oral compositions may be in the form of tablets or capsules and may contain con- 
ventional excipients such as binding agents (e.g. starch) and wetting agents (e.g. sodium lauryl sulfate). Sol- 
utions or suspensions of a Formula I compound with conventional pharmaceutical vehicles are employed for 
intra-nasal and parenteral compositions such as an aqueous solution for intravenous injection or an oily sus- 

55 pension for intramuscular injection. 
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Description of Specific Embodiments 

The compounds which constitute this invention, their methods of preparation and their biologic actions will 
appear more fully from consideration of the following examples, which are given for the purpose of illustration 

5 only and are not be construed as limiting the invention in sphere or scope. In the following examples, used to 
illustrate the foregoing synthetic processes, temperatures are expressed in degrees Celsius and melting points 
are uncorrected. The nuclear magnetic resonance (NMR) spectral characteristics refer to chemical shifts (S) 
expressed as parts per million (ppm) versus tetramethylsilane (TMS) as reference standard. The relative area 
reported for the various shifts in the 1 H NMR spectral data corresponds to the number of hydrogen atoms of 

10 a particular functional type in the molecule. The nature of the shifts as to multiplicity is reported as broad singlet 
(bs), singlet (s), multiplet (m), heptet (hept), quartet (q), triplet (t) or doublet (d). Abbreviations employed are 
DMSO-d 0 (deuterodimethylsutfbxide), CDCI 3 (deuterochlorofbrm) and are otherwise conventional. The in- 
frared (IR) spectra! descriptions include only absorption wave numbers (crrr 1 ) having functional group identi- 
fication value. The IR determinations were employed either neat or using potassium bromide (KBr) as diluent 

is The elemental analyses are reported as percent by weight 

The following examples describe in detail the preparation of compounds of Formula I, as well as synthetic 
intermediates in each process. It will be apparent to those skilled in the art that modifications, both of materials 
and methods, will allow preparation of other compounds disclosed herein. From the foregoing description and 
the following examples it is believed that one skilled in the art is able to use the invention to the fullest extent 

20 

A. Preparation of Intermediate Compounds 

Some representative procedures for preparation of synthetic intermediate compounds contained in the 
processes of the schemes are given herein below. Most starting materials and certain intermediates (e.g. for- 
25 mula 1-3 and 8 compounds), are either commercially available or procedures for their synthesis are readily 
available in the chemical literature allowing their full utilization by one skilled in the art of organic synthetic 
chemistry. 

Example 1 

30 

5-[(5-Mitro-1H-indol-3-jfl)mQthyl]-2,2-dimothyl-1 f 3-diosane-4,6-dion9 (17) 

An adaption of the procedure of Flaugh 1 was used. Thus, a solution of 5-nitroindole (50.0 g, 0.32 mol), 
Meldrum's acid (46.0 g, 0.32 mol), 37% aqueous formaldehyde (26.0 ml_, 0.32 mol) and proline (1 .8 g, 0.016 
mol) in 200 ml_ of acetonitrile was stirred at room temperature for 18 h. The resulting thick yellow slurry was 

35 filtered and the f iltercake was washed with acetonitrile, then acetone and finally with ether. This material was 
dried in vacuo to give the title compound (80.0 g, 81%) as a bright yellow solid, mp 182° C (dec). The mother 
liquor was concentrated and then diluted with H 2 O f and the resulting solid was collected, washed and dried 
as before to give a second crop of the product (7.0 g) as a darker yellow solid. Total yield 9 67.0 g (89%): IR 
(KBr) 3330, 1767, 1732 crrr 1 ; 'H NMR (DMSO-de, 200 MHz) 6 11.64 (s, 1 H), 8.63 (d, J= 2.2 Hz, 1H), 7.96 (dd, 

40 J= 9.0. 2.2 Hz, 1 H), 7.49 (d, J= 9.0 Hz, 1 H), 7.33 (d, J= 2.2 Hz, 1 H), 4.84 (t, J= 4.6 Hz, 1 H), 3.45 (d, J= 4.5 Hz, 
2H), 1.78 (s, 3H), 1.55 (s, 3H). Ana!. Calcd for C 15 H u N 2 O e : C, 56.60; H, 4.43; N, 8.80. Found: C, 56.62; H, 
4.41; N, 8.91. 

Example 2 

45 

Ethyl 5-nitro-3-(1W-lndole)proplonat© 

To a solution of [5-(5-nitroindol-3-yl)methyl]-2,2-dimethyl-1,3-dioxane-4,6-dione (10.0 g, 0.031 mol) in a 
mixture of pyridine (80 mL) and absolute ethanol (20 mL) was added 0.1 g of copper powder and the mixture 
was heated to reflux under Ar for 2 h. The cooled mixture was filtered and the filtrate was evaporated. The 
50 resulting residue was triturated with etherdbhloromethane to give the title compound (7.3 g, 89%) as a solid, 
mp 118-121° C: IR (KBr) 3330, 1730 crrH; <H NMR (DMSO-d 6i 200 MHz) 5 11.59 (br s, 1H), 8.53 (d, J= 2.2 
Hz, 1H). 7.97 (dd, J= 9.0. 2.3 Hz. 1H), 7.49 (d, J= 9.0 Hz, 1H). 7.40 (d. J= 2.1 Hz, 1H). 4.03 (q, J= 7.1 Hz, 2H). 
3.02 (t, J= 7.4 Hz, 2H), 2.67 (t, J= 7.4 Hz, 2H), 1.13 (t, J== 7.1 Hz, 3H). 

55 



1. D. S. Farlow, M. E. Flaugh, S. D. Horvath, E. R. Lavignino, P. Pranc, Org. Prep. Proc. Int. 1981, 13. 39. 
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Example 3 

5-Nltro-3-(3-hydroKypropyl)-1H-Indolo (18) 

To a suspension of 95% LiAIKU (2.20 g, 0.058 mol) in 60 mL of dry THF was added a solution of ethyl 5- 

5 nitro-3-indoJepropionate (7.30 g, 0.028 mol) in 100 mL of dry THF, at 0° C under Ar. After stirring for 20 min. 
the mixture was quenched by the cautious addition of 3 mL of H2O. The resulting suspension was stirred for 
10 min and then it was filtered and the f iltercake was washed with additional THF. The filtrate was evaporated 
and the residue was taken up in ether, dried (Na 2 S0 4 ) and evaporated, and the resulting solid was triturated 
with hexane to give the title compound (4.30 g, 70%) as a yellow solid, mp 107-110°C: IR (KBr) 3480, 3180, 

10 1625 cnr 1 ; 1 H NMR (CD0 3 , 200 MHz) 5 8.60 (d, J= 2.1 Hz, 1H), 8.35 (br s, 1H), 8.11 (dd, J= 9.0, 2.2 Hz, 1H), 
7.38 (d, J= 8.9 Hz, 1H), 7.16 (m, 1H), 3.75 (t. J= 6.2 Hz, 2H), 2.91 (t, J= 7.2 Hz, 2H), 2.07-1.93 (m, 2H), 1.37 
(brs, 1H). 

Example 4a 

15 

3-(3-Bromopropyl)-5-nltro-1H-lndole (4) 

To a solution of triphenylphosphine (6.70 g, 0.025 mol) in 80 mL of acetonitrite was added a solution of 5- 
n it ro-3-(3- hydroxy propyl) indole (18) (4.30 g, 0.020 mot) in 75 mL of acetonitrile, followed by a solution of CBr 4 
(9.00 g, 0.027 mol) in 25 mL of acetonitrile, at 0°C under Ar. The mixture was stirred at room temperature for 
20 3 h and then it was evaporated and the residue was chroma tographed (SiO^ethyl acetatehexane, 1 :9 then 1 :4) 
to give the title compound (4.60 g, 84%) as a solid, mp 92-95°C: IR (neat) 3420, 1330 cm- 1 ; 1 H NMR (CDCI 3 , 
200 MHz) 6 8.59 (d, J= 2.1 Hz, 1H) ( 8.40 (br s, 1H), 8.13 (dd, J= 9.0. 2.2 Hz, 1H), 7.40 (d, J= 9.1 Hz, 1H), 7.21 
(d, J= 2.2 Hz, 1 H), 3.45 (t, J= 6.4 Hz, 2H), 2.99 (t, J= 7.2 Hz, 2H), 2.26 (m, 2H). 

25 Example 4b 

3-[3-lodopropyl]-5-nitro-1H-indole. (4) 

A solution of 3-[3-hydroxypropyl]-5-nitro-1H-indole (18) (1.13 g, 5.06 mmol) in 20 mL of acetonitrile was 
cooled to 0°C and treated sequentially with triethylamine (1.05 mL, 7.59 mmol) and methanesutfbnyl chloride 

30 (0.43 mL, 5.6 mmoL) and the mixture stirred for 30 min. The reaction mixture was quenched with 30 mL of 
water and the organic material was extracted into ethyl acetate. The organic extracts were dried (MgS0 4 ) and 
concentrated in vacuo. The crude residue was dissolved in 20 mL of acetonitrile containing Kl (1 .7 g, 1 0.1 mmol) 
and heated to reflux for 3 h. The reaction mixture was cooled and the solvent removed in vacuo. The residue 
was dissolved In 100 mL of ethyl acetate and washed with water. The ethyl acetate layer was dried (MgS0 4 ) 

35 and concentrated and the residue was purified by flash column chromatography (20% ethyl acetate in hex- 
anes) to give the title compound 1 .37 g, 4.20 mmol, 83%) as a yellow solid: mp 95-98 °C; 1 H NMR (DMSO-d e , 
300 MHz) 6 8.53 (d, J = 2.3 Hz, 1 H), 7.97 (dd, J = 2.3, 9.0 Hz, 1 H), 7.51 (d, J~ 9.0 Hz, 1 H) 7.43 (s, 1 H), 3.30 
(t. J = 6.7 Hz, 2H), 2.84 (t, J = 7.7 Hz, 2 H), Z11 (m, 2 H); IR (KBr) 1330, 1510, 810 cnr 1 ; MS (m/e) 330 (NT). : 
Anal. CaJcd for C^HnlNaOi : C, 40.02, H 3.36, N 8.48. Found: C, 40.26; H, 3.27; N, 8.51 . 

40 

Example 5a 

3-[3-[4-(5-[yJethoxy-4-pyrimidy1)-1-piperazlnyl]propyl]-5 -nftro-1/f-indole (5) 

A mixture of 5-nitro-3-(3-bromo propyl) indole (4) (0.57 g, 2.0 mmol), 1-(5-methoxy-4-pyrimidyt)piperazine, 
45 (D (0.47 g, 2.4 mmol), Kl (0.40 g, 2.4 mmol) and diiso propyl ethyl amine (1 .75 mL, 1 0.0 mmol) in 20 mL of acet- 
onitrile was heated to reflux under Ar for 6 h. The cooled reaction mixture was diluted with ethyl acetate and 
washed (H 2 O p brine). The aqueous phase was back-extracted with dichloromethane and the combined organic 
phase was washed (H 2 0, brine), dried (Na 2 S0 4 ) and evaporated. The resulting residue was chromatographed 
(Si02/CH 2 CI 2 -MeOH, 95:5) to give a solid which was triturated with dichloromethane-hexane to afford the title 
50 compound (0.55 g, 70%) as a yellow solid, mp 163-166° C: IR (KBr) 3440, 3175, 1578, 1320 cnr 1 , 1 H NMR 
(CDCI 3 , 200 MHz) 5 8.60 (d, J=2.1 Hz, 1H), 8.47 (brs, 1H), 8.33(s, 1H), 8.11 (dd, J= 9.0, 2.2 Hz, 1H), 7.89 (s, 
1H). 7.38 (d. J= 9.0 Hz. 1H). 7.18 <d. J= 2.0 Hz. 1H). 3.86 (s. 3H). 3.8-3.9 (m. 4H). 2.86 (t, J= 7.4 Hz, 2H). 2.59 
(t, J= 4.9 Hz, 4H), 2.50 (t, J= 7.5 Hz. 2H), 2.05-1 .90 (m. 2H). Anal. Calcd for CaoH^NeOj. KfeO. 0.1 CH2CI2: C. 
57.08; H, 6.24; N, 19.87. Found: C, 57.37; H, 5.85; N, 19.53. 

55 

Example 5b 



3-[3[4-(3-fttethoxy-4-pyrldlnyl)-1-piperazlnyl]propyl]-5-nrtro-1 H- Indole. (5) 
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A mixture of 3-[3-k>dopropylJ-5-nitro-1H- indole (4) (1.4 g, 4.2 mmol), 1-(3-methoxy-4-pyridinyl)-1-pipera- 
zine (1) (0.98 g, 5.09 mmol) and K 2 C0 3 (1.4 g, 10.2 mmol) in 30 ml_ of acetonitrile was heated to reflux for 4 
h. The reaction mixture was cooled and stirred for 12 h. The solvent was removed and the residue dissolved 
in ethyl acetate and water. The aqueous layer was separated and extracted with ethyl acetate. The organic 

s extracts were dried (MgS0 4 ) and concentrated, and the gummy residue was purified by flash silica gel chro- 
matography (5% methanol in dichloromethane as el u ant) to give 3-[3-[4-(3-rnsthoxy-4-pyridiny1)-1-piperazi- 
nyt]propyi]-5-nitro-1 ^indole, (0.6 g, 36%) as a yellow solid: 1 H NMR (DMSO-d 8 . 300 MHz) 8 8.52 (d, J = 2.2 
Hz, 1H), 8.10 (s. 1H). 8.02 (d, J = 5.3 Hz, 1 H). 7.96 (dd. J = 2.3. 9.0 Hz. 1 H). 7.48 (d. J = 9.0 Hz, 1 H). 7.42 
(s. 1H), 6.81 (d, J = 5.4 Hz, 1 H). 3.84 (s, 3 H), 3.21 < br s, 4 H), 3.07 (dd. J = 6.4. 14.7 Hz. 2H), 2.79 (t, J = 

10 14.7 Hz, 2 H), 2.66 (br s, 4 H), 1 .97 (m. 2 H); IR (KBr) 3600. 2400. 1600. 1520. 1330, 1250, 81 5 cnr 1 ; MS (m/e) 
395 (M+) 

Example 5c 

15 3-[3-[4-(2-Pyridlnyl)-1-pIpeFazlnyl]propyl]-5-nltro-1H-indole. (5) 

A mixture of 3-[3-bromopropyl3-5-nitro-1H-indole (4) (1.4 g, 4.2 mmol), 1-(2-pyridinyt)-piperazine, (1) (0.98 
g, 5.09 mmol) and K2CO3 (1.4 g. 10.2 mmol) in 30 ml_ of acetonitrile was heated to reflux for 4 h. The reaction 
mixture was cooled, the solvent was removed and the residue dissolved in ethyl acetate and water. The aqu- 
eous layer was separated and extracted with ethyl acetate. The organic extracts were dried (MgS0 4 ) and con- 

20 cent rated, and the gummy residue purified by flash silica gel chromatography (5% methanol in dichlorome- 
thane) to give 3-[3-[4-(2-pyridinyl)-1-piperazinyl]propyl]-5-nitro-1H-indole, (0.6 g, 36%) as a yellow solid: 1 H 
NMR (DMSO-de, 300 MHz) 5 8.52 (d, J = 2.24 Hz, 1H), 8.80 (dd, J =1.8, 4.8 Hz, 1H), 7.95 (dd, J = 2.25, 9.0 
Hz, 1H), 7.52-7.49 (m, 2H), 7.41 (s, 1H), 6.79 (d, J= 8.6 Hz, 1H), 6.60 (t, J = 6.6 Hz, 1H), 3.46 (t, J = 4.7 Hz, 
4H), 2.78 (t, J = 7.4 Hz, 2H), 2.42 (t, J = 5.0 Hz, 4H). 2.34 (t, J = 6.9 HZ t 4H). 1.82 (dt J - 7.4, 6.9 Hz, 2H); 

25 IR(KBr) 3182. 1520, 1330 cirr 1 ; MS (m/e) 365 (M*). Anal. Calcd for C^H^NsC)* C, 65.73, H, 6.34, N 19.16; 
found C, 65.35, H, 6.26, N, 18.87. 

Example 5d 

30 3-[3-[(3-^ethoxy-2-pyridinyl)-1-piperazinyl]B>ropyll-5-nitro-1^-indole. (5) 

A mixture of 3-(3-bromopropyl)-5-nitro-1H-indole (4) (0.88 g, 3.11 mmol), potassium carbonate (0.43 g, 
3.11 mmol), potassium iodide (0.52 g, 3.11 mmol) and 1-(3-methoxy-2-pyridinyl)piperazine (1) (0.60 g, 3.11 
mmol) in 50 mL of acetonitrile was heated to reflux for 5 h. The mixture was cooled, filtered and concentrated. 
The residue was purified by flash column chromatography with 5% methanol in dichloromethane as eluant to 
35 give the title compound (1.2 g, 99%) as a yellow foam; 1 H NMR (DMSO-d 6 , 300 MHz) 8 8.54 (d, J = 2.2 Hz, 
1H), 7.97 (dd, J = 2.2. 9.9 Hz. 1H). 7.77(m, 1H). 7.50 (d. J = 9.0 Hz. 1H). 7.44 (s, 1H), 7.24 (d, J = 7.75 Hz, 
1H), 6.90 (m. 1H), 3.78 (s, 3H), 3.33 (br s, 2H), 2.80 (t. J =7.3 Hz, 2H), 1 .93 (m, 2H); IR(KBr) 3300, 1520. 1330. 
1240 cnr 1 ; Ms (m/e) 395 (M+); 

40 Example 6 

3-[3-[4-(5-Ciflathoxy-4-pyrimidyl)-1-pip«razinyl]propyl]-5-amino-1«-indold (6) 

To a solution of 3-[3-[4-(5-methoxy-4-pyrimidyl)-1-piperazinyl]propyt]-5-nitroindole(5) (0.550 g. 1 .39 mmol) 
In a mixture of ethanol (120 mL) and THF (40 mL) was added 10% palladium-on-charcoal (0.30 g) and the mix- 

45 ture was hydrogenated on a Parr shaker at 40 psi for 18 h. The mixture was then filtered through Celite and 
the catalyst was washed with additional ethanol-THF. Evaporation of the filtrate gave the essentially pure title 
compound (0.557 g, 100%) as a brown foam. A sample of this material (0.143 g) was treated with excess me- 
thanol ic HCI and the resulting solution was diluted with acetone to give a precipitate. The precipitate was filtered 
and then crystallized from ethanol to give 0.100 g of a purplish solid, mp 192° C (dec): IR (KBr) 3410, 3200. 

so 1630, 1540 cnr'; 1 H NMR(DMSO-d 6 , 200 MHz) 8 11.22(br s, 1H), 10.20 (br s, 2H), 8.60 (m, 1H), 8.20 (s, 1H), 
7.55 (d, J= 1.6 Hz, 1H), 7.45 (d, J= 8.6 Hz, 1H), 7.35 (d, J= 2.1 Hz, 1H), 7.07 (dd, J= 8.6, 1.9 Hz, 1H), 4.89- 
4.82 (m. 2H). 3.91 (s. 3H). 3.8-3.0 (br m. 8H). 2.76 (m. 2H). Anal. Calcd for C^HaNeO. 4 Ha. H 2 0: C. 45.29; 
H, 6.08; N, 15.85. Found: C, 45.32; H, 5.97; N, 15.59. 

55 
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Example 7 



5-Bromo-3-(3-hydroxypropy1)-1 W-lndole (9) 



5 



A modification of a procedure reported by Grand berg (Chem. Abstr. 1973 . 79.918895) was used. Thus, to 



a suspension of 4-bromophenyihydrazine hydrochloride (56.0 g, 0.25 mol) in 200 mL of 2-methoxyethanol was 
added 3,4-dihydro-2H-pyran (25.5 mL, 0.28 mol) over ca. 5 min and the resulting mixture was heated to reflux 
under Ar for 3.5 h. The cooled reaction mixture was evaporated and the residual oil was poured into 500 mL 
of cold water. The aqueous mixture was extracted with ether (2x250 mL) and the ethereal extract was washed 
10 with H z O (250 mL). 1N HCI (2x250 mL) and brine (250 mL). The organic phase was then dried (Na^O*) and 
evaporated to give a dark orange-brown oil. This oil was purified on a 1 0x15 cm Sif^ pad (elution with CH 2 CI 2 
then CH 2 Cl2-ethyl acetate, 1:1) to give the title compound (43.7 g, 69%) as a viscous orange-brown oil: I R (neat) 
3570, 3430, 3300 (br), 1460 cm- 1 ; 1 H NMR (CDCI 3( 200 MHz) 5 .11 (br s, 1H), 7.73 (d, J=1.8 Hz, 1H), 7.30- 
7.18 (m, 2H), 6.97 (s. 1H), 3.72 (t, J=6.4 Hz. 2H). 2.80 (t. J=7.5 Hz. 2H). 2.03-1.89 (m. 2H), 1.68 (brs. 1H). 

15 

Example 8 

5-Bromo-3-(3-trilsopropylsilojtypropyl)-1-trlisopropyl3ily1-1M-indo1e (10) 

To an ice-cold suspension of sodium hydride (80% in oil, 1.92 g, 0.064 mol) in 150 mL of DMF was added 

20 5-bromo-3-(3-hydroxypropyl)indole (9) (7.40 g, 0.029 mol) portionwise over 5 min. The resulting dark brown 
mixture was stirred at 0° C for 15 min and then the cooling bath was removed and stirring was continued at 
room temperature for 1 .5 h. The mixture was then recooled at 0° C and triisopropylsilyl chloride (1 5.0 mL, 0.070 
mol) was added. After being kept at 0° C for 15 min and then at room temperature for 18 h, the mixture was 
quenched with 10 mL of saturated aqueous NH 4 CI and then it was poured into 200 mL of water and extracted 

25 with ether (3x150 mL). The organic phase was washed (10% sat NaHC0 3 , H 2 O t brine), dried (Na 2 S0 4 ) and 
evaporated to give a brown oil. This material was filtered through a pad of Si0 2 (elution with hexane then hex- 
ane-CH 2 CI 2 , 9:1) to give the title compound (14.10 g, 86%) as a colourless, viscous oil: IR (neat) 1443. 1110 
crrr 1 ; 1 H NMR (CDCI 3 , 200 MHz) 8 7.69 (d, J= 1.9 Hz, 1H), 7.32 (d, J= 8.8 Hz, 1H), 7.19 (dd t J= 8.8, 1.9 Hz. 
1H), 7.00 (s, 1H), 3.73 (t, J= 6.4 Hz, 2H), 2.79 (t, J= 7.4 Hz, 2H), 1.99-1.85 (m, 2H), 1.65 (hept, 7.6 Hz, 3H), 

30 1.26-1.00 (m.39H). 



5-[1,2-Dloxc-4-(1-mathy1ethoxy)-3-cyciobut 
35 1«-lndolo (11) 

To a solution of 5-bromo-3-(3-triisopropylsiloxypropyl)-1 -triisopropylsilyl indole 10) (5.66 g, 0.010 mol) in 
50 mL of anhydrous ether, cooled at -78° C under Ar, was added a solution of t-butylllthium (1.7 M In pentane. 
12.9 mL, 0.022 mol) dropwise over 1 0 min. After 30 min at -78° C, a solution of 3, 4-bis(1 -methyl ethoxy)cyclobut- 
3-ene-1,2-dione 2 (1.98 g, 0.010 mol) in 10 mL of anhydrous ether was slowly added. The mixture was stirred 

40 at -78 c C tor another 30 min and then it was quenched with 2 mL of saturated aqueous NH 4 CI and poured into 
water. The organic phase was separated and then it was washed (H 2 0, brine), dried (Na 2 S0 4 ) and evaporated 
to give an orange-yellow gum. This gum was taken up in 75 mL of dichtoromethane, 10 drops of cone. HCI 
were added and the mixture was vigorously stirred at room temperature for 1 h. The resulting mixture was wash- 
ed with saturated aqueous NaHCO^ dried (Na2S0 4 ) and evaporated to give a brown gum. Rash chromatog- 

45 raphy (SiCV pet ether-CH^fe, 9:1) of this gum afforded the title compound (2.98 g, 48%) as a foam: IR (neat) 
1782, 1740. 1587. 1387, 1095 enr 1 ; *H NMR (CDCI 3 . 200 MHz) S 8.39 (d. J= 1 .6 Hz. 1H), 7.84 (dd. J= 8.7, 1.7 
Hz, 1H), 7.55 (d, J= 8.7 Hz, 1H), 7.08 (s, 1H), 5.63 (hept, J= 6.2 Hz, 1H), 3.76 (t, J= 6.5 Hz, 2H), 2.88 (t, J= 
7.5 Hz, 2H). 2.05-1.91 (m, 2H), 1.69 (hept, J= 7.5 Hz, 3H), 1.55 (d, J= 6.2 Hz, 6H), 1.16-1.02 (m, 39H). 

so Example 10 



5-[1£-Dloxc~4-(1-methylethoxy)-3-cycJobrt 
(12) 



To a solution of 5-[1 t 2-dioxo^(1-methylethoxy)-3-cydobuter^ 
55 propyisilylindole (11) (0.315 g, 0.50 mmol) in 5 mLof acetonitrile was added 48% HF (10% in MeCN, 0.35 mL, 
1.0 mmol) and the mixture was stirred at room temperature for 30 min. The reaction was then quenched with 



Example 9 
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10% aqueous Na 2 C0 3 , ethyl acetate was added and the mixture was washed (10% aq. Na 2 C0 3 , brine), dried 
(Na 2 SOi) and evaporated to give a yellow gum. Flash chromatography (Si0 2 /hexane-ethyl acetate, 1:1) of this 
gum afforded the title compound (0.209 g, 89%) as a yellow foam: IR (neat) 3480 (br), 1 782, 1735, 1 585, 1 390 
crrH; NMR (CDCI 3 , 200 MHz) 6 8.43 (d, J= 1.4 Hz, 1H), 7.82 (dd, J= 8.7, 1.7 Hz, 1H), 7.56 (d, J= 8.7 Hz, 
5 1H), 7.10 (s, 1 H), 5.64 (hept, J= 6.2 Hz, 1 H), 3.74 (t. J= 6.4 Hz. 2H), 2.90 (t. J= 7.4 Hz, 2H), 2.09-1.95 (m, 2H), 

1.69 (hept. J= 7.5 Hz, 3H), 1.57 (d, J= 6.2 Hz, 6H), 1.14 (d, J= 7.5 Hz, 18H). 

Example 11 

10 5-[1£-Dioxc^4-(1-rnethy1ethoxy)-3-cy^ 
silyMW- indole (13) 

To an ice-cold solution of 5-[1,2-dioxo-4-(1-methy1ethoxy)-3-cydobuten-3-y1]-3-(3-hydroxy propyl]- 1-tri iso- 
propylsilylindole (12) (0.208 g, 0.44 mmol) in 5 mL of dichloromethane was added p-toluenesulfonyl chloride 
(0.094 g, 0.49 mmol), followed by triethylamine (68 u.L, 0.49 mmol) and a small but arbitrary amount of 4-di- 

15 methylaminopyrldine. The cooling bath was then removed and the mixture was stirred at room temperature 
under Ar for 1 h. Another 0.047 g (0.25 mmol) of p-toluenesulfonyl chloride and 34 jiL (0.24 mmol) of triethy- 
lamine were added and stirring was continued at room temperature for 1 8 h. The mixture was then diluted with 
dichloromethane, washed with 10% aqueous Na 2 C0 3l dried (Na2S0 4 ) and evaporated to give a yellow gum. 
Flash chromatography (Si02/CH 2 CI 2 then hexane-ethyl acetate, 1:1) of this material afforded the title com- 

20 pound (0.265 g, 97%) as a bright yellow gum: IR (neat) 1782, 1738, 1585, 1390 crrH; 1 H NMR (CDCI 3l 400 
MHz) 6 8.34 (d, J= 1.5 Hz, 1H), 7.81 (dd. J= 8.7, 1.5 Hz, 1H). 7.79 (d, J= 8.3 Hz, 2H), 7.56 (d, J= 8.7 Hz, 1H), 
7.33 (d, J= 8.0 Hz, 2H), 7.10 <s, 1 H), 5.64 (hept, J= 6.2 Hz, 1 H), 4.09 (t, J= 7.2 Hz, 2H), 2.87 (t, J= 7.3 Hz, 2H), 
2.44 (s, 3H), 2.11-2.05 (m, 2H), 1.70 (hept, J= 7.5 Hz, 3H), 1.58 (d, J= 6.1 Hz, 6H), 1.14 (d, J= 7.5 Hz, 18H). 

25 Example 12 

5-[1,2-Dioxo-4-methylanilno-3-cydobuten-3-yl]-^ 
1«-indol© (14) 

Anhydrous methytamine was bubbled into 7 mL of absolute ethanol at 0° C for ca. 15 min. To this cold sol- 
30 ution was added a solution of 5-{1 ,2-dioxo-4-(1 -methylethoxy)-3-cyclobuten-3-yl]-3-[3 -(p-toluenesulfonyt)oxy- 
propyl]-1 -triisopropyisilylindole (1 3) (0.262 g, 0.42 mmol) in 2 mL of dichloromethane and the resulting solution 
was stirred at 0° C for 15 min. The reaction mixture was then evaporated to give the essentially pure title com- 
pound (0.250 g, 1 00%) as a light yellow foam. This material was used in the next step without further purifi- 
cation: IR (neat) 3260 (br), 3180 (br), 1771, 1720, 1607, 1398, 1178 crrr 1 ; *H NMR (CDCI 3 , 200 MHz) 6 8.00 
35 (m, 1H), 7.84 (s, 1H), 7.77 (d ( J= 8.4 Hz, 2H), 7.55 (d, J= 8.7 Hz, 1H), 7.34 (d. J= 8.1 Hz, 2H), 7.08 (s, 1H), 

6.70 (br m, 1H), 4.12 (t, J= 5.7 Hz. 2H), 3.50 (d, J= 5.0 Hz, 3H). 2.93 (m, 2H), 2.45 (s, 3H), 2.08 (m, 2H), 1.67 
(hept, J= 7.5 Hz, 3H), 1.12 (d, J= 7.5 Hz, 18H). 

Examples 13-15 

40 

In a manner similar to Example 12, substituting ammonia or isopropylamine or f-butylamine formethyia- 
mine and reaction with the compound of Example 11 afforded Examples 13, 14 and 15, respectively: 

Example 13 

45 

5-[1^-Dioxo-4-am I no-3-cyclobuten-3-yl]-3-[3-(p- toluene sulfony1)o3typropytl-1-trilsopropyl3ily1-1H-lrt- 
dole (14) 

IR (neat) 3325 (br), 3205 (br), 1778, 1720, 1640, 1570, 1405 crrr 1 ; 1 H NMR (CDCI 3 , 400 MHz) 6 7.98 (d, 
J= 1.4 Hz, 1H), 7.95 (dd, J= 8.7, 1.4 Hz, 1H), 7.78 (d, J= 8.3 Hz. 2H), 7.58 (d, J= 8.7 Hz, 1H), 7.34 (d, J= 8.0 
so Hz, 2H), 7.10 (s, 1H), 6.53 (br s, 2H), 4.14 (t, J= 5.8 Hz, 2H), 2.93 (t, J= 7J2 Hz, 2H), 2.45 (s, 3H), 2.13-2.07 
(m, 2H), 1.69 (hept, J= 7.6 Hz, 3H), 1.14 (d, J= 7.5 Hz, 18H). 

Example 14 

55 5-[1£-Dloxo-4-isopropylamlno-3-cyclobuten-3-y1]-3-^ 
slIyMH-lndolo (14) 

IR (neat) 3285 (br), 1770, 1718, 1590 (br) crrr 1 ; 1 H NMR (CDCI3, 200 MHz) 5 8.00 (d, J= 1.6 Hz, 1H), 7.84 
(m. 1H), 7.76 (d, J= 8.3 Hz, 2H), 7.56 (d. J= 8.7 Hz, 1H). 7.33 (d, J= 7.1 Hz, 2H), 7.08 (s f 1H), 6.40 (m, 1H), 
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4.72 (m, 1H), 4.11 (t, J= 5.9 Hz, 2H), 2.93 (t, J= 7.0 Hz, 2H), 2.44 (s, 3H), 2.11 (m f 2H), 1.67 (hept, J= 7.5 Hz, 
3H). 1.35 (d, J=6.6 Hz, 6H), 1.13 (d, J= 7.5 Hz, 18H). 

Example 15 

5-[1£-Dloxo-4^butylamlno^-cydobuton-3-yl]^ 
1M- indole (14) 

IR (neat) 3330 (br), 1767. 1717. 1570 (br) cnr 1 ; 1 H NMR (CDCI* 200 MHz) 8 8.11 (s, 1H). 7.74 (d, J= 8.2 
Hz, 2H), 7.55 (m, 2H) P 7.31 (d, J= 8.2 Hz, 2H), 7.10 (s, 1H), 6.26 (s, 1H), 4.06 (t, J= 6.1 Hz, 2H), 2.88 (t, J= 7.5 
Hz, 2H), 2.42 (s, 3H), 2.08 (m, 2H). 1.68 (hept, J= 7.5 Hz, 3H), 1.59 (s, 9H) f 1.13 (d, J= 7.5 Hz, 18H). 

B. Indolyl-Amino-Squarate Compounds 

1 . Formula 1-1 Products 

Example 16 

3-[3-[4-(5-Methoxy-4-pyrimidlny^ 
nomethyl]indole. 

A. 5-Aminomethy1-3-(3-hydroxypropy1)indolQ(19) 

To a solution of 5-cyano-3-(3-hydroxypropyi)indole (1.00 g, 0.005 mol) in 30 mL of absolute ethanol was 
added 10% palladium-on-charcoal (1.00 g) and the mixture was hydrogenated on a Parr shaker at 40 psi for 
6 h. The mixture was then filtered, through Celite, the filtercake was washed with additional ethanol and the 
filtrate was evaporated to give a colourless gum. Flash chromatography (SiOj/MeCN-MeOH, 9:1 then MeCN- 
MeOH-NH 4 OH, 90:9:1) afforded the essentially pure title compound (0.67 g, 70%) as a colourless gum: IR 
(neat) 3250 crrr 1 ; 'H NMR (DMSO-de, 200 MHz) 6 10.60 (s, 1H), 7.41 (s, 1H), 7.23 (d, J=8.2 Hz, 1H), 7.04 (s, 
1H), 7.02 (d, J=8.1 Hz, 1H), 4.4 (br s, 1H), 3.75 (s, 2H), 3.46 (t, J=6.5 Hz, 2H), 3.3 (br s, 2H), 2.68 (m, 2H), 
1.78 (m. 2H). 

B. S-(1 > 2-Dlono-4-mothyl-3-cyclobuten-3-yl)aminomethyl-3-(3-hydro3typropyl)indolo (20) 

To a solution of 5-aminomethyl-3-(3-hydroxypropyl)lndole (0.65 g, 0.0032 mol) in 12 mL of absolute ethanol 
was added 3-(1-methylethoxy)-4-methylcyclobut-3-ene-1,2-dione 3 (0.56 g, 0.0036 mol) and the mixture was 
stirred at room temperature under Ar for 20 h. Evaporation of the resulting mixture gave a brown gum which 
was chromatographed (SICV CH 2 CI 2 the CH 2 CI 2 -MeOH > 95:5) to give the title compound (0.49 g, 51%) as an 
off-white foam: IR (neat) 3300 (br), 1785, 1720, 1600 (br) crrr 1 ; 1 H NMR (DMSO-d e , 200 MHz) 5 10.75 (s, 1H), 
9.45 (m, 0.3H), 9.18 (m, 0.7H), 7.44 (s, 1H), 7.33 (d, J=8.4 Hz, 1H), 7.10 (s, 1H), 6.98 (d, J=8.4 Hz, 1H), 4.77 
(s, 1H), 4.61 (m, 1H), 4.42 (m, 1H), 3.43 (m, 2H), 2.68 (m, 2H), 2.14 (s, 1.2H), 2.05 (s. 1.8H), 1.77 (m. 2H). 

C. 5^1,2-Pioxo-4-mQthyl-3-c^clobuterv3-yl)-aminom (21) 

To a solution of 5-(1 , 2^ ioxcK4-methyi-3-cydobu ten- 3- yl)aminomethyl-3-(3- hydroxy propyl) indole (0.48 g, 
0.0016 mol) in 45 mL of dichloromethane-THF (4:1), cooled at -20° C under Ar, was added triethylamine (0.28 
mL 0.002 mol) followed by methanesulfonyf chloride (0.16 mL, 0.002 mol). The resulting solution was stirred 
at -20° C for 1.5 h and then it was washed (brine), dried (Na 2 S0 4 ) and evaporated to give a brown gum. This 
material was chromatographed (SiO^ethyl acetate) to give the title compound (0.50 g, 83%) as a beige foam: 
IR(neat) 3320 (br), 1785, 1727, 1600 (br), 1350 (br) crrr 1 ; 1 H NMR (DMSO-d 6i 200 MHz) 8 10.86 (s, 1H), 9.45 
(m. 0.5H), 9.21 (m, 0.5H), 7.48 (s, 1H) t 7.33 (d, J=8.3 Hz, 1H), 7.17 (s. 1H), 7.03 (d, J=8.3 Hz, 1H), 4.78 (d, 
J=5.9 Hz, 1.2H), 4.62 (d, J=6.0 Hz, 0.8H), 4.23 (m, 2H), 3.80 (s, 3H), 3.06 (m, 2H), 2.76 (m, 2H), 2.14 (s, 1.2H), 
2.05 (s. 1.8H). 



3 * Cf: footnote 2. in Example 9. 
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D. 3-[3-[4-(5-ftfethoxy^pyrimldyl)-1-plpoirafnytpre 
nomethyl] Indole (1-1) 

A mixture of 5-(1 ,2-dioxo-4-methy1-3-cydobiJten-3-yl)aminomethyl-3-(3-meth 
5 (21) (0.500 g, 1.33 mmol), 1-(5-methoxy-4-pyrimidy1)piperazine (0.285 g, 1.47 mmol), finely pulverized Kl 
(0.244 g, 1.47 mmol) and diisopropylethylamine (1.20 mU 6.9 mmol) in 10 mL of acetonitrile was heated to 
reflux under Ar for 4 h. The resulting mixture was diluted with ethyl acetate, washed (H 2 0, brine), dried (Na 2 S0 4 ) 
and evaporated to give a beige foam. Flash chromatography (SKVC^Cfe-MeOH-N^OH, 90:9:1) afforded the 
title compound (0.570 g, 90%) as a foam. This material was taken up in excess methanolic HP, the resulting 
10 solution was evaporated and the residue was triturated with acetone to give a solid. Recrystallization from me- 
thanol-acetone gave the hydrochloride (0.220 g, 27%) as an off-white solid, mp 95° C (foams): IR (KBr) 3420 
(br), 3230 (br), 1785, 1720, 1605 cmr 1 ; 1 H NMR (DMSO-d e , 200 MHz) 8 11.1 (br s, 1 H), 10.92 (s, 1H), 9.49 (m, 
0.3H), 9.32 (m, 0.7H), 8.60 (a, 1H), 8.20 (s, 1H), 7.49 (m, 1H), 7.35 (d, J=8.3 Hz, 1H), 7.22 (s, 1H), 7.05 (d, 
J=8.3 Hz, 1H), 4.89-4.77 (m, 3H), 4.64 (d, J=6.0 Hz. 1H), 3.90 (s, 3H), 3.61 (br m, 6H), 3.13 (m, 4H), 2.75 (m, 
15 2H), 2.14 (s, 1H), 2.07 (s, 2H). Anal. Calcd for C^H^NeO^ HCI.2.2 H 2 0: C, 50.08; H, 6.05; N, 13.48. 
Found: C, 49.84; H, 5.80; N, 13.71. 

Example 17 

20 3-[3-[4-(5-Metho^^pyrimidyl)-1-piperazin 
1«-Indole (1-1) 

A solution of 3-[3-[4-(5-methoxy-4-pyrimidyl)-1-piperazinyl]propyl]-5-aminoindole (6) (0.190 g, 0.52 mmol) 
and 3-(1-methylethoxy)-4-methylcyclobut-3-ene-1 t 2-dione (3) (0.080 g, 0.52 mmol) in 1 mLof dry DMF was 
stirred at room temperature for 66 h and then it was heated at 1 30° C (oil-bath temperature) for 6 h. The cooled 

25 mixture was evaporated and the residue was chromatographed (Si02/CH 2 CI 2 -MeOH, 95:5 then CH 2 Cl2-MeOH- 
NH4OH, 95:4.5:0.5 to 90:9:1) to give the title compound (0.138 g, 58%) as a brown foam. This material was 
treated with excess methanolic HCI, the resulting solution was evaporated and the residue was triturated with 
isopropano! to give the hydrochloride 0.140 g, 45%) as a solid, mp 200°C (dec): IR (KBr) 3400, 3220, 1782, 
1630, 1600 cm-1; 'H NMR (DMSO-d 8 , 200 MHz) 8 11.08-10.83 (m, 2H), 8.59 (s, 1H), 8.19 (s, 1H), 7.57-7.04 

30 (m, 4H), 4.85 (m, 2H), 3.90 (s, 3H), 2.8-2.4 (m, 8H), 3,13 (m, 2H), 2.26 (s, 1.5H), 2.10 (m. 2H), 1.89 (s, 1.5H). 
Anal Calcd for C^H^NeO* 3 HQ. 0.75 H z O. 0.25 CJH b O. C, 51.68; H, 5.81; N, 14.04. Found: C, 51.43; H, 
5.61; N, 13.93. 

Examples 18, 19 and 20 were prepared in a similar manner by reduction of Examples 5b, 5c and 5d ac- 
cording to the procedure of Example 6 and subsequently reacted with 3-(1-methylethoxy)-4-methylcydobut- 
35 3-ene-1,2-dione as in Example 17. 

Example 18 

3-Q3-[3-[4-(3-M0thoxy-4-pyridinyJ)-1^ 
40 1,2-dione hydrochloride.(M) 

26% yield crystallized from MeOH: mp 180-240°C (dec); 1 H NMR (DMSO, 300 MHz) 6 8.26 (m, 2 H), 7.6- 
7.24 (m, 4 H), 7.10-6.99 (m , 1 H), 4.25 ( br s , 2H), 3.93 (s, 3 H), 3.57 (br s, 2 H), 3.16 (m , 4 H), 2.72 (t, J = 
6.9 Hz, 2 H) 2.24 (s, 3 H), 2.11 (m, 2 H), 1.89 (s, 3 H); IR(KBr) n: 3700-2000, 1780, 1725, 1270 crrr'; MS (m/e) 
459 (M^). Anal. Calcd for 0^28^03-3.89 HCI: C, 51.93; H, 5.51; N, 11.65, Found: C, 51.93; H, 5.70; N, 11.57. 

45 

Example 19 

3-[[3-[4^2-Pyridinyl}-1-plper^nyf]propv^^ ,2-dlone hydro- 

chloride. (1-1) 

so 48% yield; mp 175-1 8 5°C (decomp); 1 H NMR (DMSO-d e , 300 MHz) 5 8.11 (d, J = 5.3 Hz, 1H), 7.86 (m, 

1H), 7.57-6,.88, (m, 6H), 4.45 (d, J = 13.9 Hz, 2H), 3.61-3.40 (m, 4H) t 3.15-3.08 (m, 2H), 2.73 (t, J = 7.0 Hz, 
2H), 2.26 (s, 3H), 1.3 CH3), 2.20-2.0 (m. 2H). 1.89 (s. 3H. 1.0 CH 3 ); IR(KBr) 1725. 1785; MS (m/e) 429 (M*). 

Example 20 

55 

3-Q3-[4-[3-metho^-2-pyridlnyl)-1-plper^lnyllpropy1l-1H-lndol-5-yl]amlno]-4-methyl-3-cyclobutene- 
1 ,2-dlone hydrochloride. (1-1) 

50% yield, crystallized from MeOH; mp 198-205°C (dec); 1H NMR (DMSO-d 6 , 300 MHz) 5 7.81 (d. J = 5.1 
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Hz, 1 H) f 7.58-7.26 (m, 4H) f 7.10-7.01 (m, 2H) f 4.05 (d, J = 13.3 Hz, 2H) f 3.84 (s, 3H), 3.56-3.54 (m, 2H), 3.44- 
3.331 (m, 2H), 3.18-3.06 (m, 4H), 2.74-2.72 (m, 2H), 2.26 (s, 3H, 1.3 CH 3 ). 2.14-1.99 (m, 2H), 1.90 (s, 3H, 1.0 
CH 3 ); IR(KBr) n: 1725, 1785 cnrr 1 ; MS (m/e) 459 (M*). Anal. Calcd for C26H29N50 3 HCI(3.5) C, 53.18, H, 5.58, 
N, 11.93: Found: C, 53.30, H, 5.80, N, 11.93. 

5 

Example 21 

A compound of Formula 1-1 wherein R 6 is hydrogen was prepared from the reaction product (6) of Example 
6 with 3-(1-methyiethoxy)-cydobut-3-ene-1,2-dione (3). 
10 3-[^[4-(5-Methoxy-^pyiMaVlM-P^ (1-1) 
52% Yield crystallized from Me OH: mp 125-130°C: IR (KBr) 3430, 3185. 1777, 1747, 1582 crrr 1 ; 1 H NMR 
(DMSO-de. 200 MHz) 8 11.26 (br s, 1H), 10.91 (br s, 1H), 8.78 (s, 1H) f 8.22 (s, 1H), 8.02 (s, 1H), 7.45 (d, J= 
1.7 Hz, 1H), 7.37 (d, J= 8.7 Hz, 1H), 7.19 (d, J= 1.9 Hz, 1H), 7.11 (dd, J= 8.6, 1.9 Hz, 1H), 4.10 (q, J= 5.2 Hz, 
0.7H, MeOH), 3.82 (s, 3H), 3.67 (br s, 4H). 3.16 (d f J= 5.1 Hz, 2.1H, MeOH), 2.71 (t, J= 7.4 Hz, 2H), 2.50-2.33 
15 (m, 6H), 1.85-1.81 (m, 2H). Anal. Calcd for C^hfeeNeOa. H 2 0. 0.7 CH 4 0: C, 60.92; H, 6.37; N, 17.27. Found: 
C,60.82;H, 6.00; N, 17.54. 

Examples 22 & 23 

20 Examples 22 and 23 were prepared from the reaction of 2-methyl-1-(5-methoxy^4-pyrimidiny))piperazine 

(1) and 3-methyl-1-(5-methoxy-4-pyrimidinyl)piperazine (1), respectively, with 5-nitro-3-(3-bromopropyl)in- 
dole (Example 4a). Reduction yielded compounds analogous to those of Example 6 which were then reacted 
with 3-(1-methylethoxy)-cyclobut-3-ene-1,2-dione (3) to afford compounds of Formula 1-1 wherein R 6 is hy- 
drogen. 

25 

Example 22 

3-[3-[4-(5-Methoxy-4-pyrimidyl)-3-me^ 
1W-indole (1-1) 

30 36% Yield, crystallized from ethyl acetate: mp 191-193° C; I R (KBr) 3420, 1778, 1742. 1575 crrr 1 ; 1 H NMR 

(CDCI 3 , 200 MHz) 8 8.35 (s, 1H). 8.32 (s t 1H), 8.11-8.07 (m, 2H), 7.89 (s, 1H), 7.44-7.40 (m, 2H), 7.12 (d, J= 
2.2 Hz, 1H), 7.03 (dd. J= 8.7, 2.2 Hz, 1H), 4.83 (m. 1H), 4.35-4.28 (m, 1H), 3.85 (s f 3H), 3.41-3.29 (m, 1H), 
2.91-2.73 (m, 4H), 2.49-2.10 (m, 4H), 1 .98-1 .87 (m, 2H), 1 .33 (d, J= 6.7 Hz, 3H). Anal. Calcd for C^H^O^A 
H 2 0. 0.02 C 4 H 8 02: C, 64.16 H. 6.22; N, 17.90. Found: C, 64.48; H, 6.16; N, 17.51. 

35 

Example 23 

3-[3-[4-(5-Methoxy-4-pyrimidyl)-2-met^ 
1H-indole (1-1) 

40 46% Yield on crystallization from isopropanol: mp 195*C (dec); IR (KBr) 3400, 3200, 1783, 1750, 1600, 

1580 cm- 1 ; 1 H NMR (DMSO-d 6 , 200 MHz) 5 11.40 (brs, 1H), 11.30 (s, 1H). 11.23 (s. 1H), 8.87 (s, 1H). 8.54 (s, 
1H), 8.17 (s, 1H), 7.46 (d, J= 1.7 Hz, 1H), 7.39 (d, J= 8.7 Hz, 1H), 7.28 (d, J= 2.0 Hz, 1H), 7.12 (dd, J= 8.7, 2.2 
Hz, 1H), 4.74 (m, 2H), 3.89 (s, 3H), 3.8-3.0 (m, 8H). 2.79 (m, 2H), 2.06 (m, 2H), 1.36 (d, J=4.9 Hz, 2H), 1.18 
(d, J= 6.1 Hz. 1H). Anal. Calcd for C^H^NeO* 2.5 HQ: C, 54.42; H, 5.57; N, 15.24. Found: C, 54.78; H, 5.74; 

45 N. 15.15. 

Examples 24 & 25 were prepared in a manner similar to Examples 22 & 23 by substituting 3-(1-methyle- 
thoxy)-4-methylcydobut-3-ene-1 t 2-dione in place of 3-(1-methylethoxy)-4-cyclobut-3-ene-1,2-dione in the fi- 
nal step: 

so Example 24 

3-[3-[4-(5-Methoxy-4-pyrlmloVI)-3-methyM 
yl)amino-1H-indole (1-1) 

27% Yield on crystallization from acetone: mp 200°C (dec); IR (KBr) 3400 (br) f 31 70 (br). 1 780. 1 727, 1 708, 
55 1630, 1598 cm- 1 ; 1 H NMR (DMSO-de, 200 MHz) d 11.13 (s, 0.5H), 10.99 (s. 0.5H), 10.93 (s, 0.5H), 10.89 (s, 
0.5H), 8.64 (s, 1 H), 8.21 (s, 1 H), 7.57-6.99 (m, 4H), 5.20 (br s, 1 H), 4.87 (m, 1H) f 3.90 (s, 3H), 3.7-3.4 (m, 3H), 
3.11 (brs, 4H), 2.72 (m, 2H), 2.26 (s, 1.6H), 2.14 (m, 2H), 2.08 (s, 4.5H, acetone), 1.90 (s f 1.4H), 1.51 (d, J= 
6.9 Hz. 3H). AnaL Calcd for C^HaoNeOa. 2 HCI. 1.2 H 2 Q. 0.75 C 3 H 0 O: C, 55.42; H, 6.32; N, 13.73. Found: C, 
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55.58; H, 6.22; N t 13.43. 

Example 25 

5 3-[3-[4-(5-ftflethoxy-4-pyrlmldyl^ 
yl)amlno-1H-lndole (1-1) 

36% Yield on crystallization from methanol; mp 212°C (dec): IR (KBr) 3300, 3270, 1783. 1730, 1598, 1 586 
cnr 1 ; 1 H NMR (DMSO-d e . 200 MHz) 8 11.06 (s, 0.5H), 10.95 (s, 0.5H), 10.92 (s, 0.5H), 10.76 (s f 0.5H), 10.5 
(br s, 1H), 8.31 (s, 1H) t 8.13 (s, 1H), 7.57-6.99 (m f 4H), 4.56-4.37 (m, 2H), 3.86 (s, 3H), 3.59-3.16 (m, 7H), 
10 2.74 (brs, 2H), 2.25 (s p 1.6H), 2.04 (br s, 2H), 1.88 (s, 1.4H) f 1.30 (d. J= 5.2 Hz, 2H), 1.18 (d, J= 6.5 Hz, 1H). 
Anal. Calcd for C^H^^. HCI. 0.5 CH 4 0: C, 60.39; H. 6.31; N, 15.95. Found: C, 60.10; H, 6.19; N, 16.01. 

Example 26 

15 3-[3-[4-(5-Methoxy-^pyrlmidy1H-piperaz^^ 
1«-indol© (1-1) 

This product was prepared in a manner similar to Example 16 by substituting 3-(1-methytethoxy)-4-butyi- 
cyclobut-3-ene-1,2-dione in place of 3-(1 -methyl ethoxy)-4-m ethyl cyclo but- 3-ene-1 f 2-d ion e in the final step: 

34% Yield upon trituration with acetone; mp 130°C (dec); IR (KBr) 3400 (br), 3200 (br), 1778, 1725, 1630, 
20 1597, 1577, 1545 crrM; *H NMR (DMSO-d e , 200 MHz) 8 11.06 (s, 0.5H), 10.96 (s, 0.5H), 10.91 (s, 0.5H), 10.67 
(s. 1H), 8.54 (s, 1H), 8.18 (s, 1H), 7.56-6.98 (m, 4H), 4.77 (m, 2H), 3.86 (s, 3H), 3.75-3.47 (m t 6H), 3.13 (m. 
4H), 2.71 (m, 2H), 2.26 (m, 1H) f 2.07 (m, 2H), 1.65 (m, 1H). 1.38 (m, 1H), 0.92 (m, 3H), 0.56 (m, 1H). Anal. 
Calcd for C^H^NeOj. 2.2 HCI. H 2 Q. 0.1 C 3 H e O: C, 56.03; H f 6.45; N, 1 3.85. Found: C, 56.21 ; H, 6.46; N, 13.56. 

25 2. Formula I -2 Compounds 

Example 27 

j 

3-[3-[4-(5-Cy3ethoxy-4-pyrimidyl)-1-piperazinyl]propyl]-5-(1 r 2-dEoxo-3-cyclobuten-3-yl)metriytamino-1/#- 
30 indole (I-2) 

To a solution of 3-[3-[4-(5-methoxy-4-pyrimidyl)-1-piperazinyl]propyl]-5 -(1 ,2-dioxo-3-cyclobuten-3-yl)ami- 
noindole (1-1) (0.410 g, 0.92 mmol) in 110 ml_ of dry THF was added dropwise a solution of n-BuLi (1.6 M in 
hexane, 0.633 mL, 1.01 mmol), at -78°C under Ar. The mixture was kept at -78°C for 2 h and then at 0°C for 
1 h. To the resulting suspension was added iodomethane (0.135 mL, 2.10 mmol) and stirring was continued 

35 at 0° C for 1 h and then the mixture was allowed to warm to room temperature overnight. The reaction mixture 
was then diluted with ethyl acetate, washed (H 2 0, brine), dried (N^SO^ and evaporated to give an orange 
foam. Rash chromatography (SICV CH 2 CI 2 then CH 2 Cl2-MeOH, 95:5 and finally CH 2 a r MeOH-NH 4 OH. 
95:4.7:0.3) afforded the title compound (0.140 g, 33%) as an orange foam. This material was taken up in excess 
methanolic HCI, the solution was evaporated and the residue triturated with isopropanol to give a solid. Crys- 

40 tallization from methanol-acetone gave the hydrochloride (0.1 00 g, 20%) as an off-white solid, mp 170°C (dec): 
IR (KBr) 3420, 1775, 1740, 1600 crrr 1 ; 1 H NMR (DMSO-d«, 200 MHz) 8 11.45 (brs, 0.5H), 11.83-11.81 (brd, 
0.7H), 8.60 (s, 1H), 8.51 (s, 0.4H), 8.19 (s, 1H), 8.11 (s, 0.6H), 7.66-7.58 (m, 1H), 7.46-7.30 (m, 2H), 7.19-7.08 
(m. 1H), 4.89-4.82 (m, 2H), 3.90 (s, 3H), 3.74 (s, 1.6H), 3.55 (s, 1.4H), 3.8-3.4 (m, 4H), 3.11 (m, 4H), 2.77 (m, 
2H), 2.10 (m, 2H). Anal. Calcd for C^H^NeC^. 2.5 HCI: C, 54.42; H, 5.57; N, 15.24. Found: C.54.21; H, 5.82; 

45 N, 15.08. 

3. Formula I-3 Compounds 
Example 28 

50 

The compound of Example 6 was reacted with 3,4-bis(1-methylethoxy)cyclobut-3-ene-1 ,2-dione (2) to pro- 
vide Example 29: 

3- [3-[4-(5-Methoxy-4-pyrimidylH-pipe^ 
yl]amino-1H-indole (I-3) 

55 A solution of 3-[3-[4-(5-methoxy-4-pyrimidyl)-1-piperazinyl]propyl]-5-aminoindole (6) (0.208 g, 0.56 mmol) 

and 3,4-bis(1-methylethoxy)cyclobut-3-ene-1 t 2-dione* (2) (0,112 g, 0.56 mmol) in 5 mL of absolute ethanol 

4 - Cf Example 9. 
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was stirred at room temperature for 66 h and then it was heated at ca. 80°C (oil-bath temperature) for 4 h. The 
cooled mixture was filtered and the residue was washed with ethanol and then dried in vacuo to give the title 
compound (0.190 g, 64%) as a slightly pinkish solid, mp 140-143°C: IR (KBr) 3312, 1800, 1720, 1607, 1588 
crrr 1 ; 1 H NMR (DMSO-d ft , 200 MHz) 5 10.80 (8, 1H) P 10.7 (br s, 1H), 8.22 (s, 1H), 8.01 (s, 1H), 7.48 (m, 1H), 
5 7.28 (d. J= 8.6 Hz. 1H). 7.14 (s, 1H). 7.06 (m. 1H), 5.40 (m. 1H). 3.81 (s. 3H), 3.65 (br s, 4H). 3.42 (q, J= 7.0 
Hz, 0.6H, CH a CH?OH). 2.67 (m, 2H) f 2.43 (m, 4H), 2.35 (m, 2H), 1.82 (m, 2H), 1.41 (d, J= 6.1 Hz, 6H), 1.04 (t, 
J= 7.0 Hz, 0.9H, CH,CH 2 OH). Anal. Calcd for C^H^NeO^O.S H 2 0. 0.3 C 2 H e O: C, 62.85; H, 6.65; IM, 15.94. 
Found: C, 62.85; H. 6.46; N, 16.17. 

10 Example 29 

Example 30 is prepared by hydrolysis of the compound of Example 29: 
3-[3- [4-(5-Met hoxy^pyrimf dylH -Plpera 
1«- indole (1-1) 

is To a solution of 3-[3-KK^rnethoxy-4-pyrimkJyl)-1-plperazlnyl]propyl}-5 [1,2-dloxo-4-(1-methylethoxy)-3- 

cyclobuten-3-yl]aminoindole (I-3) (0.175 g, 0.35 mmol) in 5 mL of methanol was added 0.10 mL (0.60 mmoi) 
of 6 N HCI and the mixture was heated at ca. 80°C for 5 h. Another 0.10 mL (0.60 mmol) of 6 N HCI was then 
added, as well as 0.20 mL of H 2 O t and the mixture was heated at ca. 100° C for 18 h. On cooling to room tem- 
perature, the resulting suspension was filtered and the residue was washed (acetone, ether) and then air-dried. 

20 This solid (0.1 30 g) was taken up in methanol and the resulting solution was treated with charcoal, filtered and 
evaporated to give the hydrochloride salt of the title compound (0.075 g, 36%) as a beige solid, mp 21 5°C (dec): 
IR (KBr) 3410 (br), 3240 (br), 1783, 1700, 1632, 1547 crrr 1 ; 'H NMR (DMSO-d e , 200 MHz) 6 10.88 (s, 1H), 
10.37 (s, 1H), 8.56 (s, 1H), 8.19 (s, 1H) f 7.62 (s, 1H), 7.29 (d, J= 8.6 Hz, 1H), 7.21 (s, 1H), 7.10 (dd, J= 8.6, 

1.8 Hz, 1H), 4.80 (br m, 2H), 3.90 (s, 3H), 3.57 (br m, 4H), 3.13 (br m, 4H). 2.73 (m, 2H), 2.12 (m, 2H). Anal. 
25 Caicd for C^h^N^. 3 HCI. KfeO: C, 48.86; H, 5.30; N, 14.25. Found: C, 48.81 ; H, 5.51 ; N, 14.22. 

4. Formula I-4 Compounds 

Example 30 

30 

3-[3-[4-(5-Methoxy-4-pyitmldyl^ 
no-1«-indok> (1-4) 

Into 10 mL of absolute ethanol cooled at 5°C was bubbled methyiamine for 10 min. To this solution was 
added a solution of 3-[3-[4-(5-methoxy-4-pyrimldyl)-1-pipera^^ 

35 cydobuten-3-ylJaminoindole (I-3) (0.30 g, 0.59 mmoi) in 5 mL of dichloromethane and the mixture was stirred 
at 5°C for 30 min. The resulting suspension was filtered and the residue was dried to give 0.20 g of the title 
compound as a white solid. Evaporation of the filtrate gave an additional 0.04 g of solid material. Total yleld= 
0.24 g (86%). The solid was taken up in excess methanol ic HCI with gentle warming and the resulting solution 
was stored at 5°C to give a solid. The mixture was diluted with ether and then it was filtered and the residue 

40 was dried in vacuo to give the hydrochloride (0.23 g, 67%) as a light yellow solid, mp 115-120°C: IR (KBr) 3420 
(br), 3240 (br), 1792, 1665, 1632, 1608, 1547cm- 1 ; 1 H NMR (DMSO-d 6 . 200 MHz) 5 11.07 (brs, 1H), 10.84 (d, 
J= 1.7 Hz, 1H), 10.59 (br s, 1H), 8.67 (s, 1H), 8.43 (br s, 1H), 8.20 (s, 1H), 7.75 (s, 1H), 7.28 (d, J= 8.6 Hz, 
1H), 7.18 (d, J= 2.2 Hz, 1H), 7.14 (dd, J= 8.7, 1.9 Hz. 1H), 4.93 (m. 2H), 3.91 (s, 3H), 3.62 (m, 4H), 3.21 (d, J= 

4.9 Hz, 3H), 3.2-3.0 (m, 4H), 2.73 (t, J= 6.8 Hz, 2H), 2.12 (m, 2H). Anal. Calcd for CxfasthO* 3 HQ: C, 51.33; 
45 H, 5.52; N, 16.76. Found: C, 51.57; H, 5.58; N, 16.74. 

Example 31 

3-[3-[4-(5-Metrtoxy-4-pyrbnidylM^ 
so indole (1-4) 

Into 25 mL of absolute ethanol cooled at 0°C was bubbled anhydrous ammonia for 20 min. To this solution 
was added a solution of 3-[3-[4-(5-methoxy-4-pyrimidyt)-1- pi perazinyl]propyl]-5-[1,2-dioxo-4-(1 -methyle- 
thoxy)-3-cydobuten-3-yl]aminoindole (1-3) (0.300 g, 0.59 mmol) in 10 mLof dichloromethane and the mixture 
was stirred at 0°C for 1 h. The reaction mixture was then transfered to a bomb and heated to ca. 40°C for 1 
55 h. After being stirred at room temperature for an additional 1 8 h, the mixture was filtered and the residue was 
washed with dichloromethane and then dried In vacuo to give the title compound (0.198 g, 77%) as a grayish 
solid. The solid was taken up in excess methanol ic HCI and on standing at room temperature a solid was de- 
posited. This material was filtered, washed (acetone, ether) and then dried in vacuo to give the hydrochloride 
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(0.220 g, 73%) as a light yellow solid, mp 200°C (dec): IR (KBr) 3200 (br), 1796, 1675, 1633, 1577, 1550, 1442 
cnrr 1 ; 1 H NMR (DMSO-d 6 , 200 MHz) 6 10.81 (br s, 2H), 10.49 (br s, 1H), 8.60 (s, 1H) t B.17 (m, 2H), 7.73 (s, 
1H), 7.30-7.16 (m, 3H), 4.86 (m, 2H), 3.89 (s ( 3H), 3.58 (br s, 4H) f 3.12 (br s p 4H), 2.72 (br s, 2H), 2.12 (br s, 
2H). Anal. Calcd for C^HztNtO^. 2 HCI. 0.55 H 2 0: C, 52.95; H, 5.57; N, 18.02. Found: C, 52.93; H, 5.53; N, 
5 17.86. 

Example 32 

3-[3-[4-(5-Rflethoxy-4~pyrimidyl)-1-pip8 razing 

10 yl)amino-1H-indole (I-4) 

Into 25 mLof absolute ethanol cooled at 0°C was bubbled dimethylamine for 10 min. To this solution was 
added a solution of 3-[3-[4-(5-methoxy-4-pyrimldyl)-1-pipera2inyl]propyl}-5 [1,2-dioxo-4-(1-methylethoxy)-3- 
cydobuten-3-vt]aminoindole(l-3) (0.290 g, 0.57 mmol) in 5 mL of dichloromethane and then the mixture was 
stirred at room temperature for 18 h. The resulting solution was evaporated to give a gum which was chroma- 

15 tographed (SiO^CH 2 a r MeOH, 95:5 then CH 2 a r MeOH-NH 4 OH, 95:4.5:0.5 to 90:9:1) to give a solid which 
was triturated with methanol-isopropanol to give the title compound (0.120 g, 43%) as a white solid, mp 150°C 
(dec): IR (KBr) 3280, 1790, 1662, 1580 crrH; 1 H NMR (DMSO-d 6 , 200 MHz) 8 10.74 (s. 1H), 9.40 (s. 1H), 8.23 
(s, 1H), 8.02 (s, 1H), 7.34 (s, 1H), 7.26 (d, J= 8.6 Hz, 1H), 7.12 (s, 1H), 7.00 (d, J= 8.6 Hz, 1H), 3.82 (s, 3H), 
3.66 (brs, 4H), 3.30 (s, 3H), 3.22 (s, 3H), 2.66 (m, 2H), 2.6-2.4 (m, 4H), 2.34 (m, 2H), 1.81 (m, 2H). Anal. Calcd 

20 for C^Ha^Os. 0-7 HsO: C, 62.18; H, 6.50; N, 19.53. Found: C, 62.00; H, 6.38; N, 19.52. 

5. Formula I-5 Compounds 

These products are readily prepared by alkylatton of appropriate compounds of Formula 1-4 with, generally, 
25 an alkyl halide, an acyl halide, or an alkylsulfonyl halide to give the desired 1-5 product. 

C. Indolyl-Squarates 

1. Formula I-6 Compounds 

30 

Example 33 

3-[3-[4-(5-Mathoxy-4-pyrimidiny1)-1^ 
yl)lndole (I-6) 

35 

A. 3-[3-[4-(5-[^thoxy-4-pyrimldyl)-1-pIperazlnyn^ 
yl)-1-trii3opropylsilyl- 1 N-lndole 

A mixture of 5-(1,2-dioxo^methylamino-3-cyclobLrten-3-y^ 

40 propylsilylindole (14) 0.247 g, 0.42 mmol), 1-(5-methoxy-4-pyrimidyl)piperazine (1) (0.081 g, 0.42 mmol), finely 
pulverized Kl (0.070 g, 0.42 mmol) and diisopropylethylamine (0.37 mL, 2.1 mmol) in 10 mLof acetonitrile was 
heated to reflux under Ar for 18 h. The cooled reaction mixture was diluted with ethyl acetate and washed with 
water. The aqueous phase was back-extracted with dichloromethane (2X) and the combined organic phase 
was dried (Na 2 SQ 4 ) and evaporated to give a yellow foam. The foam was chromatographed (SiO^/ ethyl acet- 

45 ate-MeOH-NH 4 OH, 90:9:1 then MeCN-MeOH-NH 4 OH, 90:9:1) to give the title compound (0.207 g, 80%) as a 
yellow foam: IR (neat) 3280 (br), 1770. 1720. 1595 (br). 1140 crrH; 1 H NMR (CDCI 3 . 200 MHz) 5 8.34 (s, 1H), 
8.08 (d, J= 1.5 Hz, 1H), 7.92 (s, 1H), 7.75 (m, 1H), 7.54 (d, J= 8.7 Hz. 1H), 7.06 (s, 1H), 6.8 (brs, 1H), 3.90 
(br s, 2H), 3.86 (s, 3H), 3.51 (d, J= 4.9 Hz, 2H), 3.41 (d, J= 4.9 Hz, 1H). 3.2-2.8 (m, 4H), 2.8-2.6 (m, 4H), 2.4- 
2.0 (m, 4H), 1.67 (hept, J= 7.5 Hz, 3H), 1.13 (d, J= 7.5 Hz, 18H). 

50 

B. 3-[3-[4-(5-^thoxy-4-pyrimldyl)-1-plpera2^ 
yl)-1H-lndolo Q-B) 

To an ice-cold solution of 3-[3-[4-(5-methoxy-4-pyrimidyl)-1-piperazinyl]propyl]-5 (1 ^-dioxo-4-methylami- 
55 no-3-cyclobuten-3-yl)-1 -triisopropytsilylrndole (0.1 96 g, 0.32 mmol) in 5 mL of THF was added dropwise a sol- 
ution of tetrabutylammonium fluoride (TBAF) (1 M in THF, 0.32 mL, 0.32 mmol) and the mixture was stirred 
for 1 h. The reaction was then quenched with saturated aqueous NH 4 Ci, diluted with water and extracted with 
ethyl acetate (2X) and then dichloromethane. The combined organic extracts were washed (brine), dried 
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(Na 2 S0 4 ) and evaporated. Flash chromatography (SiCVethyt acetate-MeOH-NH 4 OH, 90:9:1) of the residue 
gave the title compound (0.054 g, 37%) as a light yellow solid. This material was triturated with methanol and 
the residue was filtered, washed (methanol, ether) and dried in vacuo to give the analytical sample as a cream- 
coloured solid (25%), mp 225-228°C (dec): IR (KBr) 3310, 1768, 1698, 1582 cnrH; 1 H NMR (DMSO-d 6 , 400 
5 MHz) d 11.14 (s. 1H). 8.84 (q, J=4.8 Hz, 1H). 8.22 (s. 2H), 8.01 (s. 1H), 7.78 (dd, J=8.5, 1.5 Hz, 1H), 7.45 (d. 
J= 8.5 Hz, 1H), 7.24 (d, J= 1.9 Hz, 1H), 3.82 (s, 3H), 3.67 (br s, 4H), 3.34 (d, J= 4.8 Hz, 3H), 2.77 (t, J= 7.5 
Hz, 2H), 2.45 (bre, 4H), 2.38 (t, J= 7.1 Hz, 2H), 1.86 (m, 2H). Anal Calcd for C^H^O* 0.4 H 2 0: C, 64.20; 
H. 6.21; N, 17.97. Found: C, 64.13; H, 6.01; N, 17.81. 
Examples 35-37 were prepared in a manner similar to Example 34. 

10 

Example 34 

3-[3-[4-(5-Methoxy-4-pyrfmidinyl)-1 
dole (1-6) 

15 

A. 3-[3-[4^5-Mathoxy^pyrimldyfl)-1-pIper^ ^-dtoxo-4-amlno-3-cydobuten-3-yl)-1-ftr»3o- 
propylsllyl- 1 Indole 

IR (neat) 3330 (br), 3180 (br), 1775, 1725, 1660, 1580, 1410 cm- 1 ; 1 H NMR (CDC!* 200 MHz) 6 8.34 (s, 
20 1H), 8.17 (s, 1H), 7.93 (s, 1H), 7.84 (m, 1H), 7.56 (d, J= 8.7 Hz, 1H), 7.07 (s, 1H), 6.87 (br s, 1H), 5.41 (brs, 
1H), 3.95 (brs, 4H), 3.86 (s, 3H), 2.95-2.67 (m. 8H), 2.12 (m, 2H), 1.68 (hept, J= 7.5 Hz, 3H), 1.13 (d, J= 7.4 
Hz, 18H). 

B. 3-[3-[4-(5-[^thoxy-4-pyrimidylM-pip«razin^ 
25 indole (1-6) 

To a solution of 3-[3-[4~(5-methoxy-4-pyrimioVI)-1-piperazta^ 
3-yl)-1-triisopropylsilylindole (0.280 g, 0.465 mmol) in 10 mLof acetonitrile was added 48% HF (34 uL, 0.94 
mmol) and the mixture was stirred at room temperature for 2 h. The resulting suspension was filtered and the 

30 residue was washed with acetonitrile and ether, and then it was air-dried to give a pale yellow solid. The solid 
was suspended in saturated aqueous NaHC0 3 with vigorous stirring and the suspension was then filtered and 
the residue was washed with water, a little ethanot and finally with ether. This material was dried in vacuo to 
give the title compound (0.194 g, 94%) as a yellow solid. Crystallization from ethanol afforded the analytical 
sample (0.141 g, 68%) as a beige solid, mp 233°C (dec): IR (KBr) 3330, 3195, 1772, 1700, 1660, 1577 cnr 1 ; 

35 1H NMR (DMSO-d 6f 200 MHz) d 11.15 (br s, 1H), 8.93 (br s, 1H), 8.83 (br s. 1H), 8.27 (s, 1H), 8.22 (s, 1H), 
8.01 (s, 1H), 7.83 (d. J= 8.5 Hz, 1H). 7.44 (d, J= 8.5 Hz. 1H). 7.24 (s, 1H), 3.81 (s, 3H), 3.67 (brs, 4H). 2.81- 
2.73 (m, 2H), 2.49-2.35 (m, 6H), 1 .88-1 .81 (m, 2H). Anal. Calcd for C^H^NeO^ 0.5 H 2 0. 0.25 CaHeO: C, 63.06; 
H, 6.12; N, 18.08. Found: C, 63.32; H, 5.83; N, 17.73. 

40 Example 35 

3-[3-[4-(5-MQ4ho^-4-pyrimldiny!)-1-pip3rrata^ 
yl)-1 W-lndola 0-6) 

45 A. 3-[3-[4-(5-[^4hoxy-4-pyrtmldyl)-1-plpera2lny^ 
3-yl)-1-tril3opropyl3ilyl-1H-lndole 

IR (neat) 3280 (br), 1769, 1719, 1580, 1410 cnH; *H NMR (CDCl 3 , 200 MHz) $ 8.34 (s, 1H), 8.24 (s, 1H), 
7.93 (s, 1H), 7.75 (br m, 1H), 7.55 (d, J= 8.6 Hz, 1H), 7.07 (s, 1H) f 4.76 (br m. 1H), 3.98 (br s, 4H), 3.87 (s. 
so 3H), 2.95 (m, 2H), 2.8-2.6 (m, 6H), 2.48 (m, 2H), 1.68 (hept, J= 7.5 Hz, 3H), 1.43 (d, J= 6.5 Hz, 6H), 1.13 (d. 
J=7.5Hz, 18H). 

B. 3-[3-[4-(5-[^thoxy-4-pyrimidyl)-1-piperazi^ 
3-yl)-1W-indolo 0-6) 

55 

To a solution of 3-[3-[4-(5-methoxy^-pyrimidy1)-1-piperazi 
cydobuten-3-yt)-1-triisopropy1sily1indole (0.270 g, 0.42 mmol) in 10 mLof acetonitrile was added 48% HF (30 
liL, 0.84 mmol) and the mixture was stirred at room temperature for 2 h. The resulting mixture was evaporated 
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and the residue was partitioned between saturated aqueous NaHCO a and ethyl acetate. The organic phase 
was separated and the aqueous phase was back-extracted with ethyl acetate. The combined organic extracts 
were dried (Na 2 S0 4 ) and evaporated to give a yellow loam. Crystallization from ethanol at -20° C afforded the 
title compound (0.192 g, 94%) as a light yellow solid, mp 104-106°C: IR (KBr) 3230 (br) ( 1768, 1710, 1580 (br) 
5 crrr 1 ; 1 H NMR (DMSO-d 6 . 200 MHz) 5 11.15 (s. 1H). 8.77 (d, J= a6 Hz. 1H). 8.35 <s, 1H). 8.22 (s, 1H). 8.01 
(s, 1H). 7.75 (d, J= 8.5 Hz, 1H), 7.46 (d, J= 8.5 Hz, 1H), 7.25 (d, J= 1.7 Hz, 1H), 4.59 (m, 1H), 4.35 (t, J= 5.1 
Hz, 2H), 3.82 (s f 3H) ( 3.68 (br s, 4H), 3.43 (m, 1.7H, CH3CH2OH), 2.78 (t, J= 7.4 Hz, 2H), 2.5-2.3 (m. 6H), 1.86 
(m, 2H), 1.31 (d, J= 6.5 Hz. 6H), 1.05 (t J= 7.0 Hz, 2.6H, CfcbCHaOH). Anal. Calcd for C^HaeNeOa. 0.5 H 2 0. 
0.85 CzHeO: C, 64.22; H, 7.15; N. 15.66. Found: C, 64.30; H, 6.78; N, 15.48. 

10 

Example 36 

3-^[4-(5-Methoxy^pyrbiiidyl)-1^ 
Indole 0-6) 

15 

A. 3-[3-[4-(5-E^thoxy^pyrtmldyl)-1-plperrainyl]prop^ 
yl)-1-trllsopropylsily1-1 H-lndole 

IR (neat) 3300, 1766. 1717, 1582, 1565 crrr 1 ; 'H NMR (CDCI 3 , 200 MHz) 8 8.29 (s, 1H), 8.24 <d, J= 1.5 
20 Hz, 1 H), 7.84 (s, 1 H), 7.54 (d, J= 8.6 Hz, 1 H), 7.42 (dd t J= 8.7, 1 .6 Hz, 1 H), 7.05 (s, 1 H), 6.32 (s, 1 H), 3.81 (s, 
3H), 3.76 (m, 4H>, 2.80 (t, J= 7.4 Hz, 2H), 2.52 (m, 4H), 2.44 (m, 2H), 1.92 (m, 2H), 1.65 (hept, J= 7.5 Hz, 3H), 
1.55 (s, 9H) t 1.10 (d, J= 7.5 Hz, 18H). 

B. 3-[3-[4-(5-Eftothoxy-4-py rim Idyl)- 1-plperazinyl]propyl]-5-(1,2-dioxo-4-f-butylamino-3-cyclobuten-3- 
25 yl)-1tt- Indole (1-6) 

To a solution of 3-[3-[4-(5-methoxy-4-pyrimidy1)-1-piperazinyl]p 
dobuten-3-y1)-1-triisopropylsilylindole (0.294 g, 0.45 mmol) in 10 mL of acetonitrile was added 48% HF (32 
uL, 0.90 mmol) and the mixture was stirred at room temperature for 2 h. The resulting mixture was evaporated 

30 and the residue was partitioned between saturated aqueous NaHC0 3 and ethyl acetate. The organic phase 
was separated and the aqueous phase was back-extracted with ethyl acetate. The combined organic extracts 
were dried (Na^SO^ and evaporated to give the title compound (0.213 g, 94%) as a yellow foam which could 
not be crystallized. This material was suspended in excess 1 N HCI, a small amount of ethanol was added and 
the mixture was gently warmed to effect dissolution. Storage of this solution at -20°C led to crystallization. 

35 The crystals were filtered, washed (acetone, ether) and dried in vacuo to give the hydrochloride (0.252 g, 89%) 
as a light yellow solid, mp 180°C (softens), 215-218°C (foams): IR (KBr) 3400 (br), 1775, 1715, 1635, 1575 
(br) cm- 1 ; 1 H NMR (DMSO-d e , 200 MHz) 8 11.58 (br s, 1H), 11.32 (brs, 1H), 8.67 (s, 1H), 8.46 (s, 1H), 8.32 (s, 
1 H), 8.21 (s, 1 H), 7.84 (d, J= 8.6 Hz, 1 H), 7.49 (d, J= 8.4 Hz, 1 H), 7.33 (s, 1 H), 4.93 (m, 2H), 3.91 (s, 3H), 3.79- 
3.62 (m, 4H), 3.17 (br s, 4H), 2.84 (t, J= 7.0 Hz, 2H), 2.17 (m, 2H) f 1 .51 (s, 9H). Anal Calcd for C^H^NeO* 3 

40 HQ. H 2 0: C, 53.38; H, 6.24; N, 13.34. Found: C, 53.24; H, 6.35; N, 13.24. 

Example 37 

Agonist Studies In the Canine Lateral Saphenous Vein 

45 

The lateral saphenous vein is obtained from an anesthetized dog and trimmed of adherent material. The 
vessel is then cut into 2-3 mm ring segments and mounted between stainless steel wires in tissue baths con- 
taining 20mL of modified Kreb's buffer which is continuously aerated with 5% COJ^S%0 2 and maintained at 
37°C. Resting tension is manually adjusted to 1 gram and maintained until a stable baseline is achieved for 
so an equilibration period of 1 h. Tissue bath solution is replaced every 15 min during this equilibration. 

Ketanserin, atropine and pyrilamine are added to the baths at a concentration of 1 uM to block 5-HT 2 , chol- 
inergic and histaminic effects. After 15 min, with the antagonists in place, a serotonin concentration response 
curve is conducted in a cumulative fashion. At the conclusion the baths are washed out several times, tension 
is readjusted to 1 gram and the tissue is allowed to return to equilibrium over a period of 45-60 min. The arv 
55 tagonists are again added to the baths and after 15 min, concentration response curves are generated for se- 
lected test compounds. Individual vessel segments are only exposed to one test compound. 

The activity of test compounds is expressed in terms of relative potency and efficacy compared with 5- 
HT (arbitrarily assigned a value of 1.0) in the same vascular preparation. 
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Further Detailed Description 

Additional experimental description is given here in order to provide guidance to variation of the R 1 moiety 
which is located at the 4-position of the indole ring system. 

5 

Example 40 

3-[3-[4-(5-Methoxy-4-pyrimidlnyl)-1-^ ami- 
no! ndole 

10 

A. 4-M ethyl indole 

A mixture of 3-nitro-o- xylene (13.4 mU 0.1 mol), dimethylformamide dimethyl acetal (40 mL, 0.3 mol) and 
pyrrolidine (1 0 mL, 0.12 mol) in 200 mL of dry DMF was heated at 120-1 30°C (oil-bath temperature) under Ar 

15 for 21 h. The cooled mixture was poured into cold water (400 mL) and extracted with ether (4x200 mL). The 
ethereal solution was washed (H 2 O t 4x100 mL), dried (Na^C^) and evaporated to give a dark red viscous oil. 
This oil was taken up in 150 mL of ethyl acetate, 1 .5 g of 10% palladium-on-charcoal was added and the mixture 
was hydrogenated at 50 psi on a Parr shaker for 1 h. The reaction mixture was then filtered, the catalyst was 
washed with additional ethyl acetate and the filtrate was evaporated to give a dark purple oil. Flash chroma- 

20 tography (SiCydichloromethane- petroleum ether, 1 :1) of this oil gave pure 4-methylindole (8.85 g, 68%) as a 
light yellow-brown oil: *H NMR (DMSO-d 8 , 200 MHz) 6 11.04 (br s, 1H), 7.29(t, J= 2.7 Hz, 1H), 7.21 (d, J= 7.7 
Hz, 1H), 6.96 (t, J= 7.2 Hz, 1H), 6.75 (dt, J= 6.9, 0.8 Hz, 1H), 6.43 (m, 1H) f 2.46 (s, 3H>. 

B. 1 -Acetyl-4-methylindoline 

25 

To a solution of 4-methylindole (7.433 g, 0.0567 mol) in 1 00 mL of glacial acetic acid was added NaCNBH 3 
(7.25 g, 0.12 mol) portionwise over 1.5 h. The reaction mixture was then concentrated in vacuo, water was 
added and the solution was baslfied with 10 N NaOH. The resulting mixture was extracted with ethyl acetate 
(x3) and the organic extract was washed (brine), dried (NazSO^ and evaporated to give an oil. Flash chroma- 

30 tography (SiO^ethyl acetate-hexane, 1:4) of this oil gave pure 4-methylindoline (6.962 g, 92%) as an oil: 1 H 
NMR (DMSO-dj,, 200 MHz) 8 6.78 (t, J= 7.6 Hz, 1 H), 6.33 (d, J= 7.4 Hz, 1H), 6.30 (d, J= 7.6 Hz, 1H), 5.38 (br 
s, 1H), 3.38 (t, J= 8.5 Hz, 2H), 2.81 (t, J= 8.5 Hz, 2H), 2.11 (s, 3H). 

The resulting oil (6.945 g, 0.0522 mol) was taken up in 10 mL of acetic anhydride. An exothermic reaction 
ensued and after 15 mln the mixture had solidified. The vol at lies were subsequently removed in vacuo to give 

35 a solid. Trituration of this material with ether afforded 6.31 7 g of 1 -acetyl-4-methylindoline as a white crystalline 
solid, mp 11 0-111 °C. Evaporation of the supernatant and trituration of the resulting residue with hexane gave 
an additional 2.191 g of the pure product Total yield = 8.508 g (93%): IR (neat) 1649 cnr 1 ; 1 H NMR (DMSO- 
d 6 , 200 MHz) 5 7.86 (d, J= 7.9 Hz, 1H). 7.03 (t. J= 7.7 Hz, 1H), 6.80 (d, J= 7.5 Hz, 1H), 4.08 (t, J= 8.5 Hz, 2H), 
3.03 (t, J= 8.5 Hz, 2H), 2.18 (s, 3H), 2.13 (s, 3H). Anal. CaJcd for C^H^NO: C, 75.39; H, 7.48; N, 8.00. Found: 

40 C, 75.41; H, 7.53; N, 7.95. 

C. 4-Methyl-5-nitroindoline 

A solution of 1-acetyl-4-methylindoline (8.260 g, 0.0372 mol) in 50 mL of concentrated H 2 S0 4 was cooled 
45 at 5°C and then HN0 3 was added dropwise so as to maintain an internal temperature of 5-1 0°C. After the ad- 
dition was completed the mixture was kept at the same temperature for 15 min and then it was poured into 
500 mL of crushed ice and the resulting slurry was stirred until all the Ice had melted. The suspension was 
then filtered, the filter-cake was washed with water and the residue was taken up in dichloromethane. The or- 
ganic phase was separated and the aqueous phase was re-extracted with dichloromethane (x3). The combined 
so organic phase was dried (Na 2 S0 4 ) and evaporated to give a dark yellow solid. Chromatography (9x1 0 cm Si0 2 
pad/dichloromethane then dichloromethane-acetonitrile, 95:5) of this solid gave an inseparable mixture of 1- 
acetyl-4-methyl-5-nitroindoline and 1-acetyl-4-methyl-7-nitroindoline (8.090 g, 78%), in a ratio of ca. 9:1: 'H 
NMR (DMSO-de, 200 MHz) 8 7.98 (d, J= 8.9 Hz, 0.88H), 7.89 (d, J= 8.9 Hz, 0.68H), 7.54 (d, J= 8.3 Hz. 0.12H), 
7.03 (d, J= 8.3 Hz, 0.12H), 4.18 (t, J= 8.7 Hz, 2H), 3.14 (t J= 8.7 Hz, 2H), 2.37 (s, 3H), 2.19 (s, 3H). 
55 To a suspension of 1-acetyl-4-methy1-5(7)-nitroindoline (8.049 g, 0.0366 mol) in 75 mL of methanol was 

added 25 mL of Claisen's alkali (c.f. Fieser & Fieser, Reagents for Organic Synthesis . Vol. 1, pg. 153) and the 
resulting mixture was warmed on a steam bath until it became homogeneous. The cooled reaction mixture 
was concentrated and then it was diluted with water and the resulting suspension was filtered to give an orange- 
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brown solid. The filtrate was extracted with dichloromethane (x3) and the organic extract was dried (Na 2 S0 4 ) 
and evaporated to give a solid. The combined solids were chromatographed (SiO^ether-hexane, 1:1 then 
chloroform)) to give two fractions. Fraction 1 was taken up in ether and the solution was treated with decol- 
ourizing charcoal, filtered (Celite) and evaporated to give 4-methyt-7-nitroindoline (0.575 g, 9%) as a dark or- 

5 ange solid, mp 125-127°C; IR (KBr) 3395, 1623, 1596 cm-1; 1 H NMR (DMSO-d 6 . 200 MHz) 5 7.83 (br s. 1H), 
7.55 (d, J= 8.8 Hz, 1H), 6.36 (d, J= 8.8 Hz, 1H), 3.75 (t, J= 8.6 Hz, 1 H), 2.99 (t, J= 8.6 Hz, 2H), 2.15 (s, 3H). 
Anal Calcd for CV^oNA: C, 60.66; H. 5.66; N, 1 5.72. Found: C, 60.99; H, 5.71 N, 15.48. Fraction 2 was re- 
chromatographed (chloroform) to give a solid which was triturated with ether to give 4-methyl-5-nitroindoline 
(4.813 g, 74%) as an orange crystalline solid, mp 169-171°C: IR (KBr) 3330, 1598 crrr 1 ; 1 H NMR (DMSO-d e , 

10 200 MHz) 6 7.85 (d, J= 8.8 Hz, 1H), 7.04 (br s, 1H), 6.33 (d, J= 8.8 Hz, 1H), 3.63 (t, J= 8.8 Hz, 1H), 2.98 (t, J= 
8.8 Hz, 2H), 2.38 (s, 3H) Anal Calcd for CaH 10 NA: C, 60.66; H, 5.66; N, 15.72. Found: C v 60.66; H, 5.47; N, 
15.74. 

D. 4-Methyt-5-nitroindole 

15 

To a suspension of 4-msthyl-5-nitroindoline (4.767 g, 0.0268 mol) in 100 mL of methanol was added 2,3- 
dk:hloro-5,6-dicyano-1,4-benzoquinone (6.697 g, 0.0295 at room temperature for 1 h. The reaction mixture was 
then evaporated and the residue was taken up in dichloromethane. This solution was then washed with satu- 
rated aqueous NaHC0 3 (x4), dried (Na2S0 4 ) and evaporated to give a solid. Crystallization of this material from 
20 ethyl acetate-hexane (-20°C) afforded 4.161 g of the title compound as greenish-gold needles, mp 179-180°C. 
Chromatography of the mother liquor (SiO^/ethyl acetate-hexane, 1 :1) gave an additional 0.417 g of the pure 
product Total yield = 4.578 g (97%): IR (KBr) 3316, 1604, 1585 crrr 1 ; 1 H NMR (DMSO-d*, 200 MHz) 6 11.72 
(br s, 1H), 7.81 (d, J= 9.0 Hz, 1H) f 7.56 (t, J= 2.8 Hz, 1H), 7.39 (d, J= 8.9 Hz, 1H), 6.79 (m, 1H), 2.75 (s, 3H). 
Anal Calcd for CoHeNaOa: C, 61.35; H, 4.58; N, 15.90. Found: C. 61.32; H, 4.40; N, 15.96. 

25 

E. 5-(4-Methyl-5-nitroindol-3-ylmethyl)-2,2-dimethyi-1,3-dioxane-4 t 6-dione 

An adaption of the procedure of Flaugh was used. Thus, a solution of 4-methyl-5-nitroindole (0.880 g, 5.00 
mmol), Meldrum's acid (0.864 g, 6.00 mmol), 37% aqueous formaldehyde (0.5 mL, 6.0 mmol) and D,L- proline 

30 (0.029 g. 0.25 mmol) in 25 mL of acetonitrile was stirred at room temperature for 72 h. The resulting yellow 
slurry was stored at -20°C and then the cold mixture was filtered. The f iltercake was washed with cold acet- 
onitrile and ether, and then it was dried in vacuo to give the title compound (1.055 g, 64%) as a canary-yellow 
solid, mp 196-198°C (dec): IR (KBr) 3338, 1782, 1742 cnr<; 1 H NMR (DMSO-de, 200 MHz) S 11.46 (br s, 1H), 
7.61 (d, J= 8.9 Hz, 1H), 7.32 (d, J= 8.9 Hz, 1H). 7.25 (d, J= 2.4 Hz, 1H), 4.74 (t, J= 5.0 Hz, 1H), 3.64 (d, J= 4.9 

35 Hz, 1 H), 2.80 (s, 3H), 1 .84 (s, 3H), 1 .69 (s, 3H). Anal Calcd for C 19 H 16 N 2 O e : C, 57.83; H, 4.85; N, 8.43. Found: 
C, 57.42; H, 4.68; N, 8.5Z 

F. Ethyl 4-methyl-5-nitro-3-indolepropionate 

40 To a solution of 5-(4-methy-5-nitroindol-3-ylmethyl)-2,2-dimethyl-1,3-dioxane-4, 6-dione (1.009 g, 3.04 

mmol) in a mixture of pyridine (18 mL) and absolute ethanol (2 mL) was added 0.05 g of copper powder and 
the mixture was heated to reflux under Ar for 2 h. The cooled mixture was filtered and the filtrate was evapo- 
rated in vacuo to give a viscous brown oil. This material was taken up in ethyl acetate and the solution was 
washed (1 N HCI, saturated aqueous NH 4 CI, brine), dried (Na^C^) and evaporated to give a yellow solid. Tri- 

45 turation with ether gave 423 mg of the title compound as a tan solid. An additional 1 66 mg of the product could 
be recovered by evaporation of the supernatant and retrituration with ether. Total yield = 671 mg (80%). An 
analytical sample was crystallized from ethyl acetate-hexane to give tan crystals, mp 105-1 06 °C: IR (KBr) 
3340, 1717, 1517, 1335 cnH; ^H NMR (DMSO-d e , 200 MHz) 8 11.47 (brs, 1H) f 7.63 (d, J= 9.0 Hz, 1H), 7.30 
(d, J= 8.6 Hz, 1H), 7.28 (s, 1H), 4.06 (q, J= 7.1 Hz, 2H), 3.18 (t, J= 7.1 Hz, 2H), 2.77 (s, 3H), 2.68 (m, 2H), 1.16 

so (t, J= 7.1 Hz, 3H). Anal Calcd forC 14 H 16 N 2 04: C. 60.86; H, 5.84; N, 10.14. Found: C, 60.76; H, 5.74; N, 10.00. 

G. 4-Methyl-5-nltro-3-(3-hydroxypropyl)indole 

To a suspension of 95% LiAIH 4 (0.378 g, 9.44 mmol) in 10 mL of dry THF was added a solution of ethyl 4- 
55 methyl-5-nitro-3-indo!epropionate (0.650 g, 2.36 mmol) in 2 mL of dry THF, at 0°C under Ar. After 5 min the 
cooling bath was removed and stirring was continued at room temperature for 30 min. The reaction was then 
quenched by the sequential addition of 0.4 mL of water, 0.4 mL of 15% aqueous NaOH and finally 1.2 mL of 
water. The resulting suspension was diluted with ethyl acetate and then it was filtered and the f iltercake was 
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washed with additional ethyl acetate. The filtrate was evaporated and the residue was chromatographed 
(SiOj/dichloromethane-ethyi acetate, 2:1) to give the title compound (0.458 g, 83%) as a solid. An analytical 
sample was crystallized from ethyl acetate- hexane to give yellow-orange needles, mp 129-130°C: IR (KBr) 
3543, 3210, 1616, 1520, 1330 crrH; 'H NMR (DMSO-d 6 . 200 MHz) 8 11.43 (bra. 1H). 7.63 (d, J= 8.9 Hz, 1H), 
5 7.30 (d, J= 8.7 Hz, 1 H), 7.29 (s. 1 H), 4.51 (t, J= 5.2 Hz, 1H). 5.20 (dt, J= 6.2, 5.4 Hz, 2H). 2.91 (t. J= 7.7 Hz. 
2H), 2.78 (s, 3H), 1.78 (m, 2H). Anal. Calcd for C 12 H u N 2 0 3 : C, 61.52; H, 6.02; N, 11.96. Found: C, 61.23; H, 
5.85; N, 11.90. 

H. 4>Methyt-5-amino-3-(3-hydroxypropyl)indole 

10 

To a solution of 4-methyl-5-nitro-3-(3-hydroxypropy1)indole (0.365 g, 1 .56 mmol) in 20 mL of absolute etha- 
nol was added 10% palladlum-on-charcoal (0.150 g) and the mixture was hydrogen ated on a Parr shaker at 
50 psi for 0.5 h. The mixture was then filtered through a plug of Celite, the catalyst was washed with additional 
ethanol and the filtrate was evaporated to give the title compound (0.280 g, 88%) as a solid. An analytical sam- 
15 pie was crystallized from ethyl acetate to give cream-coloured needles, mp 141-142°C: IR (KBr) 3388, 3180, 
1618 cm- 1 ; 'H NMR (DMSO-d e , 200 MHz) 8 10.20 (br s, 1H), 6.87 (d, J= 8.8 Hz, 1H), 6.83 (a, 1H), 6.50 (d, J= 
8.3 Hz, 1H), 4.43 (t, J= 5.2 Hz, 1H), 4.12 (s, 2H), 3.47 (dt, J= 6.4, 5.3 Hz, 2H), 2.79 (t, J= 7.7 Hz, 2H), 2.31 (s. 
3H), 1.73 (m, 2H). Anal, calcd for C 12 H ie N 2 0: C, 70.55; H, 7.90; N, 13.72. Found: C, 70.41; H, 7.89; N, 13.55. 

20 I. 4-Methyl-5-(1,2-dioxo-4-methyl-3-cyclobuterh3-yl)amino-3-(3-hydroxypropyl)indole 

[Method A: To a solution of 4-methyl-5-amino-3-{3-hydroxypropyl)indole (0.260 g, 1.27 mmol) in 9 mL 
of absolute ethanol was added a solution of 3-(1-methylethoxy)-4-methylcyclobut-3-ene-1 ,2-dione 2 (0.234 g, 

I. 52 mmol) in 1 mL of ethanol and the mixture was stirred at room temperature for 18 h. After standing at - 
25 20°C for 3 h, the mixture was filtered. The residue was washed with cold ethanol and then ether, and finally 

it was dried in vacuo to give 0.126 g of the title compound as an off-white solid, m.p. 179-1 81 °C. Evaporation 
of the filtrate and treatment of the residual brown gum with acetonitrile gave an additional 0.166 g of the product 
as a beige solid. Total yield = 0.292 g (77%): IR (KBr) 3425, 3360 (br), 1786, 1718, 1590 (br) cmri; 1 H NMR 
(DMSO-d„, 200 MHz) 8 10.92 (br s, 0.75H), 10.86 (br s, 0.25H), 10.57 (br s, 0.75H), 10.30 (br s, 0.25H), 7.19 
so (d, J= 8.5 Hz, 1 H), 7.1 2 (m, 1 H), 6.92 (d. J= 8.5 Hz, 0.75H), 6.86 (d, J= 8.5 Hz, 0.25H). 4.47 (t, J= 5.2 Hz, 1 H). 
(dt, J= 6.3, 5.4 Hz, 2H), 2.87 (m, 2H), 2.50 (s, 3H), 2.24 (s, 0.75H), 1 .76 (m, 2H), 1.56 (s, 2.25H). Anal. Calcd 
for C 17 H 18 N 2 0 3 . 0.3 H 2 G: C f 67.22; H, 6.17; N, 9.23. Found: C. 67.26; H, 5.88; N, 9.18. 

Method B: To a solution of 4-methy1-5-amino-3-(3-hydroxypropyl)indole (0.271 g, 1.33 mmol) in 6 mL 
of DMF was added triethylamine (0.223 mL, 1.60 mmol), followed by a solution of 3-chloro-4-methylcydobut- 
35 3-ene-1,2-dione 3 (0.208 g, 1.60 mmol) in 1 mL of DMF. The resulting brown solution was stirred at room tem- 
perature under Ar for 1 h and then it was concentrated in vacuo to give a viscous oil. The oil was diluted with 
water and extracted with ethyl acetate (x5). The organic extract was washed (brine, x4), dried (Na 2 SQ 4 ) and 
evaporated to give a dark brown oil. This material was taken up in ethyl acetate and then filtered through a 
short silica gel column (elution with ethyl acetate) to give the impure product as a light yellow gum. Crystalli- 
ne zation from acetonitrile-dichloromethane at -20°C afforded the title compound (0.272g, 69%) as a cream- 
coloured solid. 

J. 4-Methyl-5-(1 ^-dbxo-4-methyl-3-cyclobutBn-3-yl)amino-3-(3-methanesulfonyloxy-propyl)-indole 

45 To an ice-cold suspension of 4-rfrathyt-5-(1,2-dioxo-4-methyl-3-cydobuten-3-yl)amino-3-(3-hydroxypro- 

pyl)indole (0.235 g. 0.79 mmol) in 5 mL of acetonitrile-THF (4:1) was added triethylamine (0.132 mL 0.95 
mmol), followed by methanesutfonyl chloride (0.074 mL, 0.95 mmol). The mixture was stirred at 0°C for 2 h 
and then the cooling bath was removed and stirring continued at room temperature for 1 7 h. Another 0.026 
mL (0.19 mmol) of triethylamine and 0.01 5 mL (0.19 mmol) of methanesutfonyl chloride were then added and 

so stirring was continued for 30 min. The resulting mixture was diluted with ethyl acetate, washed (H 2 Ox2; brine), 
dried (Na2S0 4 ) and evaporated to give a gum. This material was chromatographed (SiO^ethyl acetate-dichloro- 
methane, 1:1) to give to give the title compound (0.270 g, 91%) as an off-white foam. An analytical sample 
. was obtained by crystallization from ether to give an off-white solid, mp 130-1 31 °C (dec): IR (KBr) 3240 (br), 
1792, 1727, 1590, 1330, 920 crrH; 1 H NMR (DMSO-d e , 200 MHz) 8 11.01 (br s, 0.75H), 10.95 (br s, 0.25H), 

55 10.58 (s, 0.75H). 10.31 (s, 0.25H), 7.23-7.13 (m. 2H), 6.94 (d, J= 8.5 Hz, 0.75H), 6.88 (d, J= 8.6 Hz, 0.25H), 

2. L.S. Liebeskind, R.W. Fengl, D. R. Wirtz, T. T. Shaw, J. Org. Chem. 1988, 53, 2482. 
3 D. Bellus. P. Martin, H. Sauter. T. Winkler, HeJv. Chim. Acta 1980, 63. 1 130. 
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4.29 (t, J= 6.3 Hz, 2H), 3.19 (s, 3H), 2.96 (m, 2H), 2.50 (s, 3H), 2.24 (s, 0.75H), 2.02 (m, 2H), 1.56 (s, 2.25H). 
Anal Calcd for C 18 H 2 oN20 6 S: C, 57.43; H. 5.36; N. 7.44. Found: C, 57.16; H, 5.00; N, 7.34. 

K * 3-[3-[4-(5-Methoxy-4-r>yrimidyl)-1-piperazinyq^ 
5 yl)aminoindole 

A mixture of 4-methyl-5-(1,2-dioxo-4-methy1-3-cydobute^^ 
dole (0.154 g, 0.41 mmo!). 1-(5-methoxy-4-pyrimidyl)piperazine (0.087 g, 0.45 mmol), finely pulverized Kl 
(0.075 g, 0.45 mmol) and diisopropylethylamine (0.365 mL, 2.1 mmol) in 5 mL of acetonitrile was heated to 

10 reflux under Ar for 13 h. The resulting slurry was diluted with ethyl acetate, washed (H 2 Ox2; brine), dried 
(Na2S0 4 ) and evaporated to give a light brown gum. Flash chromatography of this gum (SiC^/MeCN-MeOH- 
NH4OH, 90:9:1) afforded the title compound (0.151 g, 78%) as a pale yellow foam. A 142 mg sample of this 
material was taken up in methanol (ca. 3 mL) and 1N HCI (ca. 3 mL) was added. The resulting solution was 
concentrated and then stored at-20°C to give a solid. This materia! was filtered, washed (1N HCI, acetone, 

15 ether) and then dried in vacuo to give the hydrochloride (0. 140 g, 77%) as an off-white solid, mp >240°C (dec): 
IR(KBr) 3400, 3200, 1784, 1722, 1595 crrr 1 ; 'H NMR(DMSO-d e , 200 MHz) S 11.46 (brs, 1H), 11.09 (s, 0.7H), 
11.01 (s, 0.3H), 10.62 (s, 0.7H). 10.46 (s, 0.3H), 8.62 (s, 1H), 8.21 (s, 1H), 7.24 (s, 1H), 7.22 (d, J= 8.5 Hz, 
0.7H), 7.16 (d, J= 8.4 Hz, 0.3H), 6.95 (d, J= 8.5 Hz, 0.7H), 6.88 (d, J= 8.6 Hz, 0.3H), 4.88 (m, 2H), 3.91 (s, 3H), 
3.66 (m, 4H), 3.17 (brs, 4H), 2.94 (m, 2H), 2.5-2.6 (m, 2H), 2.52 (s, 3H), 2.26 (s, 0.9H), 2.10 (m, 2H), 1.57 (s, 

20 2.1 H). Anal. Calcd for C^H^NeO*. 2 HCI.1 .7 HaO. 0.2 C^N. 0.25 C 4 H 10 O: C, 54.41 ; H. 6.42; N, 14.36. Found: 
C, 54.47; H. 6.80; N, 14.32. 

Example 41 

25 4-Ethy1thlo-3-[3-[4~(5-methoxy-4-pyrimldln^ 
3-yl)ami no Indole 

A. 3(5-Amino-4-ethylthio-3-indolyl)-1-propanol 

30 A cold (10-12°C) mixture of 3-(5-nitro-3-indolyl)-1-propanol (Example 3: 2.2 g, 10.0 mmol), ethanethiol (7.4 

ml, 0.1 mol) and Zn dust (2.0 g, 30.6 mmol) in dry DMF (20 ml) kept under argon was treated portion wise with 
NH4CI which was added at 10 mi n interval for 3 h while temperature of the mixture was kept between 10-12°C. 
After the addition was completed, the reaction mixture was stirred for 3 h and then diluted with THF:EtOAc 
(1:2, 45 ml) mixture followed by slow addition of water (40 ml). The mixture was filtered on a glass fiber filter 

35 and the two phases separated. The aqueous phase was extracted with EtOAc:THF (2:1, 3 x 40 ml) mixture 
The organic extracts were combined, washed with water (2 x 50 ml), dried (MgSO*) and concentrated in vacuo. 
The crude material was chromatographed on silica gel dry column using first a mixture of CH2CI2: EtOAc (3:17) 
and then EtOAc both containing Et 3 N (0.5%). Appropriate fractions were concentrated in vacuo affording 3- 
(5-amino-4-ethylthio-3-inddyl)-1-propanol (0.50 g, 20%); 1 H NMR (DMSO-de) 6 (ppm): 10.48 (s, 1H, indolic 

AO NH), 7.08 (d, J=8.5 Hz, 1H, indolic H-7), 6.94 (d, J=2.3 Hz, 1H, indolic H-2), 6.59 (d, J=8.5 Hz, indolic H-6), 
4.88 (bs, 2H, NHJ, 4.37 (t, J=5.1 Hz, 1H, OH). 3.4-3.6 (m, 2H, H-1), 2.9-3.1 (m, 2H, H-3), 2.65 (q, J=7.4 Hz, 
2H, SCH^CHa), 1 .7-1 .9 (m, 2H. H-2) f 1 .09 (t, J=7.4 Hz. 3H, SCHzCfcU); also isolated was 3-(5-amino-3-indolyl)- 
1-propanol (1.0 g, 55%); 1 H NMR (DMSO-d e ) 6 (ppm): 10.2 (s, 1H, indolic NH), 7.00 (d, J=8.4 Hz, 1H, indolic 
H-7), 6.88 (dd, J=2.2 Hz, indolic H-2), 6.63 (d, J=2.0 Hz, indolic H-4), 6.44 (dd, J=8.4 Hz, J=2.0 Hz, 1H, indolic 

45 H-6), 4.4-4.6 (m, 3H, NH 2 and OH), 3.3-3.5 (m, 2H, H-1), 2.5-2.7 (m, 2H, H-3), 1.6-1.9 (m, 2H, H-2). 

B. 3-(4-Ethylthio-5-(4HTiethyl-1,2-dioxocydobut-3-en-3-yl)amino-3-inddyl)-1-propanoi 

A mixture of 3-(5-amino-4-ethylthio-3-indolyl)-1-propanol (0.93 g, 3.7 mmol), 3-chloro-4-methyl-1 ,2- 
50 dioxocyclobut-3-ene (0.58 g, 4.4 mmol) and Et 3 N (0.62 ml, 4.4 mmol) in DMF (50 ml) was stirred at 23°C for 
50 h before adding water (200 ml). The aqueous solution was extracted with EtOAc (3 x 75 ml). The organic 
extracts were washed with water (50 ml), dried (MgS0 4 ) and concentrated in vacuo. The crude material was 
purified on silica gel dry column using first a mixture of CH 2 CI 2 : EtOAc (1:4) and then EtOAc: Et 3 IM (49:1). Ap- 
propriate fractions were concentrated in vacuo leaving yellow crystals, 0.815 g, m.p. 119°C, 64%. 1 H NMR 
55 (DMSO-de) S (ppm): 11.17, 11.11, 10.80 and 10.51 (4 br s, 2H indolic NH, and 5-NH), 7.4 (br s, 1H), 7.26 (s, 
1H), 7.07 (d, J=8.2 Hz, 1H), 4.40 (t, J=5.2 Hz, 1H, OH), 3.46 (t. J=3.5 Hz, 2H after D 2 0 exchange), 2.95-3.10 
(m, 2H, ChbCHzCHjO), 2.66 (br s, 2H, CHaChfeS), 2.26 (br s, 1H, CH 3 on dioxocyclobutene), 1.7-1.9 (m, 2H, 
CHaCHjCHzO), 1.59 (brs, 2H, CH 3 on dioxocyclobutene), 0.9-1.1 (m, 3H, CHaCHjS). IR (KBr) n:3420, 3300- 
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3000, 1775, 1728, 1620, 1580 and 1400 citH. Anal, caicd. for C^H^N^S: C 62.77; H 5.85; N 8.13; S 9.31 . 
Found: C 62.75; H 5.85; N 8.20; S 9.25. 

C. 4-Ethylthio-3-(3-methanesulfonyloxy-1-propyl)-5-(4-m indole 

5 

A cold (5°C) mixture of 3-(4-ethylthio-5-(4-methyl-1,2-dioxocyclobut-3-en-3-yl) amino-3-indolyl)-1-propa- 
nol (0.708 g, 2.1 mmd) and Et 3 N (0.697 ml, 5.0 mmol) in THF:CH 2 CI 2 (1:2, 45 ml) mixture kept under argon 
atm. was treated dropwise with MsCI (0.387 ml. 5.0 mmol) and stirred at 23°C for 1 .5 h. The reaction mixture 
was diluted with CH 2 Cl 2 (40ml) and washed with H 2 0 (10ml) and saturated NaHC0 3 solution. The organic phase 

10 was dried (MgS0 4 ) and concentrated in vacuo. The crude material was purified on silica gel dry column using 
a mixture of CH 2 CI 2 :EtOAc (7.3) as eluting solvent Appropriate fractions were concentrated in vacuo giving a 
yellow oil, 0.70 g, 79%. 1 H NMR (DMSO-de) 6 (ppm): 11.26, 11.20, 10.81 and 10.53(4 brs, 2H, Indollc NH and 
5-NH), 7.42 (br s, 1H), 7.32 (s, 1H) f 7.09 (d, J=8.2 Hz, 1H), 4.27 (t, J=6.4 Hz, 2H, CHzOSOJ, 3.17 (a, 3H, 
CH 3 S02), 3.11 (t, J=7 Hz, 2H, ChfcCHaCHzO), 2.67 (br s, 2H f CHgCHaS), 2.28 (br, s, 1 H, CH 3 of dioxocyclobu- 

15 tone), 2.0-2.15 (m, 2H, CH 2 CH2CH 2 0), 1.59 (br s, 2H CH 3 of dloxocyclobutene), 0.9-1.1 (m, 3H, CtUCHjS). 
IR (film) n:3710, 3180, 1783, 1728, 1590, 1340 and 1170 cnr 1 . 

D. 4-Ethylthio-(3-(3-methoxy-4-pyrimttinyl>^ 
yl)amino)indole hydrochloride 

20 

A mixture of 4-ethylthk>-3-(3-methanesulfonyloxy-1 -propyl)- 5-(4-methyl-1,2-d ioxo-cyclobut-3-en-3- 
yl)amino indole (0.40 g, 0.95 mmol), 4-(5-methoxy-4-pyrimidinyl) piperazine (0.21 g, 1.14 mmol), EtgN (0.27 
ml, 1.9 mmol) and Kl (0.166 g, 0.99 mmol) in CH 3 CN (1 8 ml) kept under argon atm. was refluxed for 12 h. The 
reaction mixture was cooled at 23°C and diluted with EtOAc (70 ml). The organic solution was washed with 

25 K 2 C0 3 (1 N, 2 ml) and brine, dried (MgS0 4 ) and concentrated in vacuo. The crude material was purified on dry 
silica get column using a mixture of MeOH:EtOAc (1 :9) as eluting solvent. Appropriate fractions were concen- 
trated in vacuo leaving a syrup, 0.335 g, 68%. 1 H NMR (DMSO-d 6 ) 5 (ppm): 11.19, 10.8 and 10.5 (3 br s, 2H, 
indolic NH, 5-NH), 8.23 (s, 1H, pyrimidinyl H), 8.03 (s, 1H, pyrimidinyl H), 7.3-7.5 (m, 1H), 7.39 (brs, 1H), 7.07. 
(d, J=8.4 Hz, 1H) f 3.82 (s, 3H, CH 3 0) f 3.5-3.7 (m, 3H), 2.9-3.15 (m, 2H), 2.6-2.8 (m, 2H) f 2.2-2.3 (m, 1.5H), 

so 1.7-1 .95 (m. 2H), 1 .59 (br s, 1 .5 H). 1 .0 (t, J=7 Hz, 3H, CHaCHzS). 

An ethanolic solution of the free base was treated with a solution of HCI (1 .02 N) in EtOH; the solution was 
diluted with some isopropanol and the yellow crystals (m.p. 188°C dec.) were filtered. 1 H NMR (DMSO-d e ) S 
(ppm): 11.33, 11.27, 10.83 and 10.59 (4 br s, 2H, indolic NH and 5-NH), 8.46 (s, 1H, pyrimidinyl H), 8.18 (s, 
1H, pyrimidinyl H), 7.43 (br s, 1H), 7.38 (s, 1H), 7.11 (d, J=7.9 Hz, 1H), 4.7 (d, J=13.9 Hz, 2H), 3.89 (s, 3H, 

35 CH 3 0), 3.58 (d, J=11.9 Hz, 2H), 3.36 (br t, J=12 Hz, 2H), 3.0-3.3 (m, 6H), 2.67 (br s, 2H, CHaCHaS), 2.25 (br 
s, 1 J2 H, CH 3 on dtaxocyclobutene), 2.0-2.15 (m, 2H, CHaCJiCHzN), 1 .59 (br s, 1.8 H, CH 3 on dioxocyclobu- 
tene), 0.99 (br s, 3H, CHjCHaS). IR (KBr) n:3700-2200, 1780, 1725, 1628 and 1590 cnr 1 . Anal, caicd. for 
CZ7H32N6O3S 3.5 HCI 0.5 C 3 H e O: C 51.29; H 5.92; N 12.59; S 4.80. Found: C 50.93; H 5.76; N 12.64; S 4.90. 
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SCHEME B 
SYNTHESIS OF tNOCLYL - SQUARATES 
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SCHEME C 



Synthesis of Intermediates The following synthetic reactions are intended to provided examples of some 
of the available methods of preparing chemical intermediates for use in the processes of Schemes A and B. 



10 



R 1 



15 



I 



20 




ox; 



25 



30 



a formula (4) compound 
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a formula (9) compound 



See: Chem. Abstr., 1973, 79 
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Claims 

1. A compound of Formula I or a pharmaceutical^ acceptable acid addition salt and/or solvate thereof 




W 

\ 



R2 Va ^ 




H 



wherein 

55 R 1 is selected from hydrogen, halogen, lower alkyl, lower alkoxy and lower alkyfthio; 

R 2 and R 3 are independently selected from hydrogen and lower alkyl; 
R* is selected from hydrogen and lower alkoxy; 

W is either a single covalent bond or-NR 5 -, wherein R 6 is selected from hydrogen, lower alkyl, lower 
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acyl, and lower alkylsutfonyi; 

X is selected from -NR 2 R 3 , -OR 2 , and R 6 , wherein R e can be hydrogen, lower alkyl, C6_7 cydoalkyl, 
phenyl, and phenyl- lower alkyl; 

Y and Z are independently selected from N and CH with the proviso that both Y and Z cannot be 
CH simultaneously; 

m is selected from zero and the integers 1 to 3; and 

n is selected from the integers 1 to 5. 

2. A compound of claim 1 wherein W is a chemical bond. 

3. A compound of claim 1 wherein W is -NR 6 -. 

4. A compound of claim 1 wherein m is zero and n is 3. 

5. A compound of claim 2 selected from the group consisting of 3-[3-[4-(5-methoxy-4-pyrlmldInyl)-1-plper- 
azinyl)propyl]-5-(1,2-dioxo-4-methylamino-3-cyclobuten-3-yl)indole; 3-[3-[4-(5-methoxy-4-pyrimidinyl)- 
1-pirjerazinyl]propyl]-5-{1,2<lioxo-4-amino-3-cyclobuten-3-yl)indole; 3-[3-[4-(5-methoxy-4-pyrimidinyl)- 
1-plperazlnyl]propyl]-5-(1,2^loxc-4-lsopropylamlno-3^yclobutBn-3-yl)lndole; 3-[3-[4-(5-methoxy-4-pyri- 
mklyl)-1-piperazinyl]propyl-5-(1,2-dioxo^t-butylamino-3-cydobuten-3-yl)indole. 

6. A compound of claim 3 selected from the group consisting of 3-[3-[4-(5-methoxy-4-pyrimidinyl)-1-piper- 
aziny1]propyl}-5-[<1 ( 2-dioxo-4-methyl-3-cyclobuten^ 3-[3-[4-(5-methoxy-4-pyri- 
midyl)-1-piperazinyl]propyl]-5 -(1,2-dioxo-4-methyl-5-cyclobuten-3-yl) am ino-1H- indole; Z-\[3'[3'[4-(Z' 
methoxy-4-pyridinyl)-1-pipera*inyl]prop 3- 
Q3-[3-(2-pyridinyi)-1-piperazinyl]propyl]-1 H-indol-5 -yl]amino]-4-methyl-3-cydobutene-1 ,2-dione; 3-Q3- 
[3-[3-methoxy-2-pyridinyl)-1-pirjeraziny I] propyl 

3-[3-[4-(5-methoxy-4-pyrimidyl)-1 -piperazinyl] propyl]- 5 -(1 ,2-dioxo-3-cyclobuten-3-yl)amino-1H-indole; 
3-[3-[4-(5-methoxy-4-pyrimidyl)-3-methyM -piperazinyl] propyl]-5-(1 ,2-dioxo-3-cydobuten-3-yl)amino- 
1 H-indole; 3-l3-[4-(5^methoxy-4-pyrimidy1)-2-methyl-1-piperazinyl] propyl]-5-(1 ,2-dioxo-3-cydobuten-3- 
yl)amino-1H- indole; 3-[3-[4-(5-methoxy-4-pyrimidyl)-3-methyl-1 -piperazinyl] propyl]-5-(1 ,2-dioxo-4-me- 
thyl-3-cyclobuten-3-yl)amino-1 H-indole; 3-[3-[4-(5-methoxy-4-pyrimidyl)-2-rnethyl-1-piperaziny1]propyl]- 
5-(1,2-dk>xo-4-methyl-3-cyclobuten- 3-yl)amino-1 H-indole; 3-[3-[4-(5-methoxy-4-pyrimidyl)-1 -piperazi- 
nyl] propyl]- 5- (1 ,2-dioxo-4-butyl-3-cydobuten-3-yl)amino-1 H-indole; 3-[3-[4-(5-methoxy-4-pyrimidyl)-1 - 
piperazinyl]propy1]-5-(1^-dioxo-3-cyclobuten-3-yl)methylamino-1H-indde; 3-[3-[4-(5-methoxy-4-pyrimi- 
dyl)-1-piperazinyl]propyl]-5 -[1,2-dioxo-4-(1-methylethoxy)-3-cydobuten-3-yl]amino -1 H-indole; 3-[3-[4- 
(5-methoxy-4-pyrimidyl)-1-piperazinyl]propyl]-5 -(1,2-dk>xo-4-hydroxy-3-cyclobuten-3-yl)amlno-1H-In- 
dole; 3-[3-[4-<5-methoxy-4-pyrimioyi)-1-piperaz^ 

yi)amino-1 H-indole; 3-[3-[4-(5-methoxy-4-pyrimidyl)-1 -piperazinyl]propyl]-5 -(1 ,2-dk>xo-4-amino-3-cy- 
dobuten-3-yl)amino-1 H-indole; 3-[3-[4-<5-methoxy-4-pyrimidyl)-1-piperazinyl]propyl]-5 -(1,2-dioxo-4-di- 
methylamino-3-cydobijten-3-yl)am!no-1 H-indole; 3-[3-[4-(5-methoxy-4-pyrimidinyl)-1-piperazinyl]pro- 
pyl]-5-(1 ,2-dioxo-4-methyl-3-cydobuten-3-yl)amino-1 H-indole; 4-ethylthio-3-[3-[4-(5-methoxy-4-pyrimi- 
dinyl)-1-pipei^inyl]propyl]-5-(1.2-dioxo-4-methyl-3-cydobuten-3-yl)amino-1H-indole. 

7. The compound, 3-[3-{4-(5-rT«thoxy-4-pyrimidyl)-1-piperazinyl]propyi]-5 -(1 ,2-dioxo-4-methyl-3-cydobut- 
en-3-yl)amino- 1 H-indde. 

8. A compound according to any one of daims 1 to 7 for use in therapy. 

9. A compound according to any one of dalms 1 to 7 for use in prophylaxis. 

10. A pharmaceutical composition in unit dosage form suitable for systemic administration to a person at risk 
of or suffering a vascular headache, the composition comprising a pharmaceutical carrier and from about 
1 to 500 mg of a compound daimed in any one of daims 1 to 7. 
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